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INFUSION PUMP SYSTEM WITH
DISPOSABLE CARTRIDGE HAVING
PRESSURE VENTING AND PRESSURE
FEEDBACK

RELATED APPLICATIONS

This application claims priority from U.S. Provisional
Patent Application Ser. No. 61/230,061, titled Infusion Sys-
tem and Methods for Using Same, filed Jul. 30, 2009, by P.
DiPerna et al., which is also incorporated by reference herein
in its entirety. This application is also related to U.S. patent
application Ser. No. 12/846,688, titled Infusion Pump System
with Disposable Cartridge Having Pressure Venting and Pres-
sure Feedback, filed Jul. 29, 2010, by B. Bureson, et al., U.S.
patent application Ser. No. 12/846,706, titled Infusion Pump
System with Disposable Cartridge Having Pressure Venting
and Pressure Feedback, filed Jul. 29, 2010, by G. Kruse, et al.,
U.S. patent application Ser. No. 12/846,733, titled Infusion
Pump System with Disposable Cartridge Having Pressure
Venting and Pressure Feedback, filed Jul. 29, 2010, by M.
Michaud, et al., U.S. patent application Ser. No. 12/846,734,
titled Infusion Pump System with Disposable Cartridge Hav-
ing Pressure Venting and Pressure Feedback, filed Jul. 29,
2010, by P. DiPerna, et al., and PCT Patent Application No.
PCT/US2010/043789, titled Infusion Pump System with Dis-
posable Cartridge Having Pressure Venting and Pressure
Feedback, filed Jul. 29, 2010, by P. DiPerna, et al., all of
which are incorporated by reference herein in their entirety.

FIELD OF THE INVENTION

This disclosure is directed to portable infusion devices,
systems, and methods of using the same for dispensing mate-
rials. In some cases, the devices, systems and methods may be
used for infusing a material such as medicament, e.g., insulin,
into a body in need thereof.

BACKGROUND

There are many applications in academic, industrial, and
medical fields, as well as others, that may benefit from
devices and methods that are capable of accurately and con-
trollably delivering fluids, including liquids and gases that
have a beneficial effect when administered in known and
controlled quantities. This may be particularly true in the
medical field where much of the treatment for a large percent-
age of patients includes the administration of a known amount
of a substance at predetermined intervals. The treatment of
diabetes often involves just such a regimented dosage of
materials, in particular, the administration of insulin. In addi-
tion, the administration of insulin for a diabetic patient is one
of a few medical indications wherein the patient routinely
administers the medicament to themselves by a subcutaneous
modality, such as a hypodermic syringe injection. As such,
providing a patient with the means to safely, reliably and
comfortably administer required doses of medication may be
particularly important in order to facilitate patient compli-
ance and accurate treatment of the condition.

Blood glucose is an important factor for metabolism and
the provision of energy and proper organ functioning in mam-
mals. The accurate regulation of blood glucose is, therefore,
an essential task necessary for the well being of the mammal.
For instance, the neurons of the brain of an organism depend
on glucose for fueling their functioning. Hence, blood glu-
cose levels are typically regulated by feedback loops between
the brain and the pancreas. The pancreas functions in
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response to various hormones released by the brain by itself
releasing hormones that regulate the uptake, e.g., storage, of
blood sugar, or the release of stored blood sugar. For instance,
two essential hormones in the regulation of blood sugar levels
are insulin and glucagon, both of which are synthesized by
specialized cells in the pancreas. Specifically, the f§ cells of
the islets of Langerhans function to synthesize insulin, while
the a cells of the islets of Langerhans function to synthesize
glucagon.

Maintaining appropriate blood glucose homeostasis is an
important factor for promoting the length and quality of life.
However, there are many factors that affect the body’s ability
to maintain such homeostasis. For instance, factors such as
the body’s ability to produce or respond to insulin, one’s
physiological condition and/or health, the quantity and type
of'food one eats, one’s metabolic rate, activity level, the types
of activities and the exertion level in which one engages, as
well as other such factors that make up a person’s daily life
and/or routine, all play important roles in effecting the body’s
ability to maintain homeostasis.

Continuous subcutaneous insulin injection and/or infusion
therapy is initiated for the replacement of insulin and thereby
the treatment of diabetes. Such therapy may include the regu-
lar and/or continuous injection or infusion of insulin into the
skin of a person suffering from diabetes. Injection is the
traditional and most common method for administering insu-
lin. Typically the diabetic will measure his or her blood glu-
cose level, and depending on the level thereof may prepare a
syringe or injection pen with insulin to be injected transder-
mally into the body. However, recently, insulin injecting
pumps have been developed for the administration of insulin
for those suffering from both type I and II diabetes. Insulin
pumps are medical devices used for the administration of
insulin in the treatment of diabetes and offer an alternative to
multiple daily injections of insulin by an insulin syringe or an
insulin pen. They also allow for continuous insulin therapy.

There are, however, several drawbacks associated with the
use of subcutaneous injection syringes and/or some currently
available infusion pumps for the delivery of insulin. Patient
compliance, for instance, is a major problem with respect to
the use of insulin syringes. A high percent of subjects suffer-
ing from diabetes experience dread when it comes to insulin
injections due to the anxiety and discomfort associated with
regular use of a the needle therefore. Further complications
involve the cost of the syringes, which cost may lead to the
spread of infections and diseases, such as human immunode-
ficiency virus (H IV) and hepatitis, through the sharing and/or
reusing of needles. In addition, diabetes patients who choose
to use commercially available pumps to avoid the disadvan-
tages of syringe delivery often find that wearing them
together with their required infusion set tubing is uncomfort-
able or unwieldy, particularly while participating in sporting
activities or while sleeping.

Some commercially available pumps are designed to be
smaller than others, but typically include a patch type element
that may be adhered directly to the skin. Such a pump may
contain the insulin reservoir, pumping mechanism, power
supply as well as an infusion set and automated insert. The
patch may be quite a bit heavier than typical infusion set
patches. This may pose the problem of the infusion set slowly
being pulled out of the patient due to the weight of the patch
itself resulting in waste and inaccuracies in treatment. Once
the patch is inadvertently knocked off the skin or loosened
there may be no means to reinsert the infusion set also result-
ing in waste and added expense.

Furthermore, the smaller the size of an infusion pump, the
more difficult it is for a patient to interface with the device.
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Commercially available pumps typically have a single screen
and one or more hard buttons for enabling a user to navigate
through multiple menus and screens. A drawback of requiring
auser to navigate through multiple menus and pages to set up
a delivery of insulin may be that the user finds the process too
complex and time consuming to properly use the infusion
device to its fullest potential. As a result, some users tend to
“set-it and forget-it”.

Generally a patient’s insulin requirements vary greatly, as
mentioned above, and may be influenced by a variety of
factors (e.g., caloric intake, physiological conditions). There-
fore, there is a need for a user friendly portable infusion
device that has the ability to tailor appropriate insulin delivery
profiles to a user. There is also a need for an infusion device
providing an interface that facilitates its use.

SUMMARY

Some embodiments are directed to an infusion pump kit
configured for delivering a therapeutic fluid to a patient. The
device may include a first pump device including a first hous-
ing and a first drive mechanism, a second pump device com-
prising a second housing and a second drive mechanism, and
an infusion cartridge. The infusion cartridge may further
include a fluid reservoir configured to be filled with a volume
of the therapeutic fluid sufficient for a prolonged single infu-
sion protocol. The infusion cartridge may additionally
include a delivery mechanism having a distal end in fluid
communication with an interior volume of the fluid reservoir
and a proximal end configured to couple to either the first
drive mechanism or the second drive mechanism and be trans-
lated between a plurality of linear positions to deliver the
therapeutic fluid to the patient. In addition, the infusion car-
tridge may be configured to be interchangeably coupled to,
and alternated between, the first pump device and the second
pump device during the single infusion protocol of the thera-
peutic fluid to the patient.

Some embodiments are directed to a method of delivering
a therapeutic fluid to a patient. The method may include
providing a first pump device having a full featured user
interface, installing a disposable infusion cartridge on the first
pump device, and removing the disposable infusion cartridge
from the first pump device. In addition, the method may
include installing the disposable infusion cartridge onto a
second pump device while maintaining the sterility of the
fluid disposed within a reservoir of the disposable infusion
cartridge.

Some embodiments of the device may additionally include
a fluid delivery system for delivering a therapeutic fluid to a
patient. The system may include a pump housing comprising
a drive mechanism translatable between a plurality of linear
positions to deliver the therapeutic fluid to the patient and an
infusion cartridge removably coupled to the pump housing.
The infusion cartridge may include a fillable fluid reservoir
and a delivery mechanism comprising a distal end in fluid
communication with an interior volume of the fluid reservoir
and a drive coupling disposed at a proximal end. The drive
coupling may be further configured to receive and couple to a
drive portion of the drive mechanism independent of the
linear position of the drive mechanism.

Some embodiments of the device are directed at a method
of coupling a disposable fluid reservoir cartridge to an infu-
sion pump device. The method may include providing an
infusion pump device including a drive portion of a drive
mechanism that includes a ball or capturable feature at an end
of a drive shaft. The method may further include providing a
disposable fluid reservoir cartridge including a drive coupling
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of a delivery mechanism that comprises a flexible female
receptacle configured to snap fit over the ball of the drive shaft
with the ball introduce from either a lateral direction or axial
direction. The method may additionally include returning the
ball of the drive mechanism to a home position at a proximal
position of a drive stroke, inserting the disposable fluid res-
ervoir cartridge onto the infusion pump device, and advanc-
ing the ball of the drive shaft of the drive mechanism from the
proximal position to engage and snap fit with the flexible
female receptacle of the delivery mechanism of the cartridge.

Some embodiments are directed to a method of switching
afluid reservoir cartridge from a first pump device to a second
pump device. The method may include providing a first infu-
sion pump device including a drive portion of a drive mecha-
nism that includes a ball or capturable feature at an end of a
drive shaft. The method may further include providing a
disposable fluid reservoir cartridge including a drive coupling
of a delivery mechanism that comprises a flexible female
receptacle which is snap fit over the ball of the drive shaft and
which is configured to release the ball from either a lateral
direction or axial direction. The method may additionally
include returning the ball of the drive mechanism to a home
position at a proximal position of a drive stroke, inserting the
disposable fluid reservoir cartridge onto the infusion pump
device, and advancing the drive shaft of the drive mechanism
from the proximal position to engage and snap fit with the
flexible female receptacle of the delivery mechanism of the
cartridge.

Some embodiments of the infusion pump system may
include a housing and a disposable cartridge. The disposable
cartridge may further include a collapsible reservoir sur-
rounded by a flexible material and a substantially rigid con-
tainer sealed around the flexible material of the collapsible
reservoir. Furthermore, the cartridge may be releasably
secured to the housing. The infusion pump may further
include a disposable delivery mechanism disposed within the
disposable cartridge and having a reservoir inlet port in fluid
communication with an interior volume of the reservoir. The
infusion pump may additionally include a drive mechanism
including a motor disposed in the housing and detachably
coupled to a spool member of the delivery mechanism with
the drive mechanism being operatively coupled to the spool
member. The infusion pump may further include at least one
pressure sensor disposed in a volume disposed between the
outside surface of the flexible material of the reservoir and an
inside surface of the substantially rigid container/case, a
graphic user interface operatively coupled to a controller, and
a power storage cell. Additionally, the infusion pump may
include a vent inlet port disposed on the delivery mechanism
in fluid communication with the volume disposed between
the outside surface of the flexible material of the reservoirand
an inside surface of the substantially rigid container/case and
a controller including at least one processor and a memory
device. The controller may be operatively coupled to the drive
mechanism, GUI, and at least one pressure sensor and con-
figured to generate a signal to the drive mechanism to displace
the spool of the delivery mechanism.

Some embodiments of the infusion pump system may
include a pump device including a housing, a drive mecha-
nism with a motor, a controller operatively coupled to the
drive mechanism and a slot configured to accept a disposable
fluid cartridge. The infusion pump system may further
include a disposable fluid cartridge which may be operatively
coupled to the housing. The disposable fluid cartridge may
further include a delivery mechanism, a collapsible reservoir
having an interior volume surrounded by a flexible fluid tight
membrane, and the interior volume being in fluid communi-
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cation with a reservoir inlet port. The cartridge may also
include a substantially rigid shell disposed over the reservoir
and forming a second interior volume between an outside
surface of the reservoir and an inside surface of the rigid shell
with a vent inlet port in communication with the second
interior volume. Additionally, the infusion pump system may
include a pressure sensor disposed between an interior sur-
face of the rigid case and an exterior surface of the collapsible
reservoir shell, a bore within a pump body of the delivery
mechanism, and a spool. In addition, the spool may be slid-
ingly disposed in the bore having a collapsible first volume
which is configured to communicate with the reservoir inlet
port and outlet/dispense port of the bore independently of
each other, and a second volume isolated from the first col-
lapsible volume, the second volume configured to be move-
able between a position that allows a vent inlet port to com-
municate with a vent outlet port and a position where the vent
inlet and outlet ports are isolated from each other.

Some embodiments are directed to an infusion pump for
dispensing fluid to a patient. The device may include a dis-
posable fluid cartridge. The cartridge may include a delivery
mechanism, which may include a delivery mechanism body.
Additionally, a bore may be disposed in the delivery mecha-
nism body, which may further include a distal end, a proximal
end disposed towards a drive mechanism of the infusion
pump, an interior volume, a reservoir inlet port, a fluid dis-
pense port, a vent inlet port, and a vent outlet port. The
infusion pump may further include a spool slidingly disposed
within the bore. The spool may further include a collapsible
first volume which is positionable to overlap the reservoir
inlet port independent of an overlap of the fluid dispense port
and which is formed between a first seal around the spool, a
second seal around the spool, an outer surface of the spool
body between the first and second seal and an interior surface
ofthe bore between the first and second seal. Furthermore, the
first and second seals may be axially moveable relative to
each other. The spool may additionally include a vent second
volume, which is positionable to overlap the vent inlet port
and vent outlet port simultaneously and which is formed by a
third seal around the spool, a fourth seal around the spool, an
outside surface of the spool between the third and fourth seal,
and an inside surface of the bore between the third and fourth
seal. The infusion pump may further include a collapsible
fluid reservoir bounded by a flexible membrane and including
an interior volume in fluid communication with the reservoir
inlet port. The infusion pump may further include a substan-
tially rigid shell disposed about the collapsible fluid reservoir
with an interior volume that contains the collapsible fluid
reservoir and a vented volume disposed between an outer
surface of the flexible membrane and an interior surface of the
rigid shell, the vent inlet port being in fluid communication
with the vented volume. Additionally, the infusion pump may
include a drive mechanism operatively coupled to the spool of
the delivery mechanism, a user interface configured to
accommodate user data input regarding fluid delivery, a con-
troller having a processor and memory device operatively
coupled to the drive mechanism, and a power cell. The power
cell may further be operatively coupled to the controller, the
GUI, and the drive mechanism.

Some embodiments of the device are directed at a method
of venting a cartridge of an infusion pump system. The
method may include providing an infusion pump system,
which may further include a disposable fluid reservoir car-
tridge. The cartridge may include a delivery mechanism,
which may further include a delivery mechanism body. The
device may further include a bore disposed in the delivery
mechanism body including a distal end, a proximal end dis-
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posed towards a drive mechanism of the infusion pump, an
interior volume, a reservoir inlet port, a fluid dispense port, a
vent inlet port and a vent outlet port. The device may further
include a spool slidingly disposed within the bore, which may
further include a collapsible first volume. The collapsible first
volume may be positionable to overlap the reservoir inlet port
independent of an overlap of the fluid dispense port and which
is formed between a first seal around the spool, a second seal
around the spool, an outer surface of the spool body between
the first and second seal and an interior surface of the bore
between the first and second seal, the first and second seals
being axially moveable relative to each other. The spool may
also include a vent second volume which is positionable to
overlap the vent inlet port and vent outlet port simultaneously
and which is formed by a third seal around the spool, a fourth
seal around the spool, an outside surface of the spool between
the third and fourth seal and an inside surface of the bore
between the third and fourth seal. The device may further
include a collapsible fluid reservoir bounded by a flexible
membrane and including an interior volume in fluid commu-
nication with the reservoir inlet port. The device may addi-
tionally include a substantially rigid shell disposed about the
collapsible fluid reservoir with an interior volume that con-
tains the collapsible fluid reservoir and a vented volume dis-
posed between an outer surface of the flexible membrane and
an interior surface of the rigid shell, with the vent inlet port
being in fluid communication with the vented volume. The
device may further include a drive mechanism operatively
coupled to the spool of the delivery mechanism. The method
of'venting a cartridge of an infusion pump system may further
include initiating a dispense cycle by driving the spool with
the drive mechanism to a position with the collapsible first
volume in communication with the reservoir inlet port. The
method may further include driving the spool so as to separate
the first and second seals of the collapsible first volume and
draw fluid into the first volume through the reservoir inlet port
from the reservoir and decrease the pressure within the vented
volume. The method may additionally include driving the
spool with the drive mechanism to a position with the col-
lapsible first volume in communication with the fluid dis-
pense port, driving the spool so as to at least partially collapse
the collapsible first volume and dispense fluid from the col-
lapsible first volume through the fluid dispense port, and
driving the spool to a position with the vent second volume in
simultaneous communication with the inlet vent port and vent
outlet port to allow the vent second volume to arrive at the
same pressure as the vent outlet port.

Some embodiments are directed to a delivery mechanism
for an infusion pump. The delivery mechanism of an infusion
pump may include a bore disposed in a delivery mechanism
body, a spool disposed in the bore which is axially displace-
able within the bore, and a collapsible volume. The collaps-
ible volume may be bounded by an outside surface of the
spool, an inside surface of the bore, a first seal between the
spool and the bore that is axially fixed relative to the spool but
displaceable relative to an inside surface of the bore and a
second seal between the spool and inside surface of the bore
which is configured to slide over a slide portion of the spool
disposed in an aperture of the second seal, which forms a
substantially fluid tight but displaceable seal between an out-
side surface of the second seal and the inside surface of the
bore and which forms a fluid tight but displaceable seal
between an outside surface of the slide portion and the second
seal.

Some embodiments may be directed to an infusion pump
for dispensing fluid to a patient. The device may further
include a disposable fluid cartridge, which may include a
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delivery mechanism. The delivery mechanism may further
include a delivery mechanism body. The device may addi-
tionally include a bore disposed in the delivery mechanism
body including a distal end, a proximal end disposed towards
a drive mechanism of the infusion pump, an interior volume,
areservoir inlet port, a fluid dispense port, a vent inlet port and
a vent outlet port. The device may further include a spool
slidingly disposed within the bore, which may further include
acollapsible first volume. The collapsible first volume may be
bounded by an outside surface of the spool, an inside surface
of'the bore, a first seal between the spool and the bore that is
axially fixed relative to the spool but displaceable relative to
an inside surface of the bore and a second seal between the
spool and inside surface of the bore which is configured to
slide over a slide portion of the spool disposed in an aperture
of'the second seal, which forms a substantially fluid tight but
displaceable seal between an outside surface of the second
seal and the inside surface of the bore and which forms a fluid
tight but displaceable seal between an outside surface of the
slide portion and the second seal. The spool may further
include a vent second volume which may be positionable to
overlap the vent inlet port and vent outlet port simultaneously
and which may be formed by a third seal around the spool, a
fourth seal around the spool, an outside surface of the spool
between the third and fourth seal and an inside surface of the
bore between the third and fourth seal. The device may further
include a collapsible fluid reservoir bounded by a flexible
membrane and including an interior volume in fluid commu-
nication with the reservoir inlet port, a substantially rigid
shell disposed about the collapsible fluid reservoir with an
interior volume that contains the collapsible fluid reservoir,
and a vented volume disposed between an outer surface of the
flexible membrane and an interior surface of the rigid shell,
the vent inlet port being in fluid communication with the
vented volume.

Some embodiments of the device may include an o-ring
seal, which may have a gland for seating an o-ring. The
seating may further include an outer circumferential groove
extending circumferentially around a longitudinal axis of a
cylindrical body, with the circumferential groove including
an angled first edge and an angled second edge opposite the
angled first edge and an inner overflow channel disposed
below the angled first and second edges. The o-ring seal may
further include an o-ring disposed in the gland with a first
circumferential band of the o-ring resting on the first angled
edge and a second circumferential band of the o-ring resting
on the second angled edge above the overtlow channel with
the o-ring in a substantially uncompressed state.

Some embodiments of the device may include a delivery
mechanism of an infusion pump for dispensing fluid to a
patient. The delivery mechanism may include a spool slid-
ingly disposed inabore of a delivery mechanism housing, and
an o-ring seal disposed on the spool. The o-ring seal may
further include a gland for seating an o-ring, which may
include an outer circumferential groove extending circumfer-
entially around a longitudinal axis of a cylindrical body ofthe
spool. The circumferential groove may further include an
angled first edge and an angled second edge opposite the
angled first edge and an inner overflow channel disposed
below the angled first and second edges. The delivery mecha-
nism may further include an o-ring disposed in the gland with
a first circumferential band of the o-ring resting on the first
angled edge and a second circumferential band of the o-ring
resting on the second angled edge above the overflow channel
with the o-ring in a substantially uncompressed state.

Some embodiments of the portable infusion device may be
configured for generating an estimate of an amount of a fluid
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to be delivered to a body of a user. The device may further
include a processor that may be coupled to a memory and
configured for receiving user input data from the memory and
using the input data for generating an estimate of an amount
of fluid to be delivered to the body. The memory may be
configured for receiving and storing user input data coupled
to the processor and may be further configured for commu-
nicating that data to the processor. The device may further
include a touch sensitive screen configured for displaying at
least one request for user input, where said display is further
configured for receiving user input in response to the request
and communicating the input to the memory.

Some embodiments of the portable infusion device may be
configured for generating an estimate of an amount of a fluid
to be delivered to a body of a user. The device may further
include a reservoir for storing the fluid, a delivery mechanism
for effecting the delivery of the fluid, and a processor coupled
to amemory and configured for receiving user input data from
the memory and using the input data for generating an esti-
mate of an amount of fluid to be delivered to the body. The
device may further include a memory for receiving and stor-
ing user input data coupled to the processor and configured
for communicating that data to the processor. The device may
additionally include a display configured for displaying a
request for a user to input data, wherein the display is further
configured for receiving user input data in response to the
request and communicating that data to the memory.

Some embodiments of the portable infusion device may be
directed at a method for delivering an amount of a fluid to a
body of a user. The method may include providing a portable
infusion device, which may further include a reservoir for
storing the fluid, a delivery mechanism for delivering the
fluid, and a processor for generating an estimate of an amount
of fluid to be delivered to the body in response to user input
data and for controlling the delivery mechanism. The device
may further include a data input interface for communicating
with the processor the data input interface is configured for
receiving user input data. The device may additionally
include a display for displaying the estimate of an amount of
afluid to be delivered and inputting externally supplied values
into the data input interface. The input may include data that
the input interface receives and the user input data may be
communicated to the processor. The processor may further
receive the user input data, generate an estimate of an amount
of'a fluid to be delivered to the body of the user, and commu-
nicate the estimate to the display. The device may be further
configured for receiving the generated estimate of an amount
of fluid to be delivered on the display of the portable infusion
device and receiving a request for a user input on the display
of'the portable infusion device. Furthermore, the request may
require the user to make a selection before delivering the
amount of fluid to the body of the user or making a selection
based on the estimate such that once the selection is made the
portable infusion device delivers the quantity of fluid to the
body in response to the selection.

Some embodiments of the portable infusion device may be
configured for generating an estimate of an amount of fluid to
be delivered to a body and delivering the amount of fluid to the
body of a user in accordance with the generated estimate. The
system may further include a remote commander that
includes a processor, for generating an estimate of an amount
offluid to be delivered to abody in response to user input data.
The system may further include a data input interface for
communicating with the processor such that the data input
interface is configured for receiving user input data. The
system may further include a memory coupled to the proces-
sor for receiving and storing user input data. The system may
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further include a display for displaying the estimate of an
amount of a fluid to be delivered and a transmitter for trans-
mitting a command to an infuser device such that the com-
mand instructs the infuser device to deliver an amount of fluid
in accordance with the generated and confirmed estimate. The
system may further include a portable infusion device con-
figured for delivering an amount of a fluid to be delivered to a
body of a user in accordance with a generated estimate. The
portable infusion device may include a reservoir for storing
the fluid, a delivery mechanism for effectuating the delivery
of the fluid, a receiver for receiving the command from the
transmitter of the remote commander; and a processor for
instructing the reservoir and delivery mechanism to deliver
the amount of fluid to the body of a user in accordance with
the generated estimate.

Some embodiments may be directed at a kit. The kit may
include an infusion device and instructions for using the
system. Some embodiments of the portable infusion device
may be configured for facilitating instructing a user on how to
operate a portable infusion device, which may include a por-
table infusion device, a processor functionally linked to the
portable infusion device, and a user-interactive touch screen
display functionally linked to the processor. The portable
infusion device may further include processor instructions
that are accessible by the processor and configured to instruct
the processor to load a program. Furthermore, the program
file may include data corresponding to an arrangement of at
least one of a text and graphic, that when displayed on the
user-interactive touch screen display, provides information to
the user. In addition, at least one of the text and graphic may
be displayed on the user-interactive touch screen that is ani-
mated.

Some embodiments may be directed to a method of using
a portable infusion device to provide information to a user.
The method of using the device may include providing a user
with a portable infusion device that has a user-interactive
touch screen display that displays a graphical user interface.
Furthermore, the user-interactive touch screen may display at
least one object relating to at least one of a text and a graphic
that may provide information to a user. In addition, at least
one object displayed on said user-interactive touch screen
display may be animated.

Some embodiments may be directed to a system for facili-
tating user error prevention of a portable infusion device. The
user error prevention feature may include a portable infusion
device having a processor functionally linked to the portable
infusion device. In addition, the portable infusion device may
include a user-interactive touch screen display functionally
linked to the processor and processor instructions that are
accessible by the processor and are configured to instruct the
processor to display a plurality of objects on the user-inter-
active touch screen display. Furthermore, at least two objects
representing different user input may be displayed to allow a
user to select at least one displayed object as user input and
prevent a user from selecting at least one displayed object as
user input.

Some embodiments are directed to a method of using a
portable infusion device for facilitating user error prevention.
The method may include displaying a graphical user interface
on a user-interactive touch screen display, which displays a
plurality of objects with at least two objects representing a
different user input. The method may further include allowing
auser to select at least one object as a user input and prevent-
ing a user from selecting at least one object as user input.

Some embodiments are directed to a portable infusion
device including a processor functionally linked to the por-
table infusion device and a user-interactive touch screen dis-
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play functionally linked to the processor. The touch screen
display may further include a display area that also operates
as a touch input area, which may simultaneously display a
plurality of touch sensitive modifiable objects representing
various information. Furthermore, the user-interactive touch
screen display and processor may allow a user to touch any
one of the touch sensitive modifiable objects for at least one of
viewing, inputting, and modifying information associated
with the object touched by the user.

Some embodiments are directed to a device configured for
generating an estimate of an amount of a fluid to be delivered
to a body of a user. The device may include a processor
coupled to a memory, wherein the processor is configured for
receiving user input data from the memory and using the input
data for generating an estimate of an amount of fluid to be
delivered to the body. The user input data may include one or
more of a blood glucose level, a stress level, a physiological
condition, a complexity of a meal to be ingested, an activity
level, user history, and the like. The processor may also be
configured for receiving non-user entered data and using the
non-user entered data in generating the estimate of the
amount of fluid to be delivered. The non-user entered data
may include sensor data, data received from a wireless com-
munication device, and the like.

Some embodiments of the portable infusion device may
include a processor that executes instructions for generating
an estimate of an amount of fluid for delivery to a body of a
user. The infusion device may also include a touch sensitive
display configured for displaying at least one display object,
so that user interaction with the display object generates a
user input value. In addition, the infusion device may include
a data interface configured for receiving the user input value
from the display in response to user interaction with the
display object such that the user input value is communicated
from the data interface to the processor for generating the
estimate.

Some embodiments of the portable infusion device may be
configured for delivery of a fluid to a body of a user and may
include a fluid interface for receiving the fluid and a delivery
mechanism for effectuating the delivery of the fluid. In addi-
tion, the infusion device may include a processor that
executes instructions for generating an estimate of an amount
of the fluid for delivery. The infusion device may further
include a touch sensitive display configured for displaying at
least one display object such that user interaction with the
display object generates a user input value. The infusion
device may further include a data interface configured for
receiving the user input value from the touch sensitive display
in response to user interaction with the display object such
that the received user input value is communicated from the
data interface to the processor for generating the estimate.

Some embodiments of the portable infusion device are
directed at a method for delivering an amount of a fluid to a
body of a user. The method may include receiving user inter-
action from a touch sensitive display configured for display-
ing at least one display object, such that user interaction with
the display object generates a user input value. The method
may further include generating an estimate of an amount of
fluid to be delivered to the body in response to the user input
value, and displaying a confirmation display object on the
touch sensitive display, such that the confirmation display
object requests a confirmation input from the user for confir-
mation before delivery of the amount of fluid to the body of
the user. The method may further include initiating delivery
of'the fluid in response to receiving the confirmation input.

Some embodiments of the system for generating an esti-
mate of an amount of fluid to be delivered to a body and
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delivering the amount of fluid to the body of a user in accor-
dance with the generated estimate may include a remote
commander. The remote commander may include a display
configured for displaying at least one display object, such that
the display object indicates a value such that user interaction
with the display object generates a user input value. The
remote commander may further include a data interface con-
figured for receiving the user input value from the display in
response to user interaction with the display, and a processor
that receives the user input value from the data interface and
generates an estimate of the amount of fluid to be delivered to
the body. Furthermore, the processor may provide the esti-
mate to the data interface for display of the estimate on the
display. The processor may further generate an infusion com-
mand in response to receiving a confirmation input from the
data interface. In addition, the confirmation input may
include a user interaction with the display in response to
display of a confirmation display object on the display, such
that the confirmation display object requests a confirmation
input from the user for confirmation before delivery of the
amount of fluid to the body of the user. The remote com-
mander may further include a transmitter that transmits the
infusion command, with the infusion command comprising
an instruction for delivery of the amount of the fluid in accor-
dance with the generated estimate and confirmation input.
The system may further include an infusion device. The infu-
sion device may include a fluid interface configured for
receiving the fluid, a delivery mechanism configured for
effectuating the delivery of the fluid, and a receiver config-
ured for receiving the infusion command from the transmitter
of the remote commander. In addition, the system may
include a processor that receives the infusion command from
the receiver and initiates delivery of the amount of the fluid
from the fluid interface to the body of the user in accordance
with the generated estimate.

Some embodiments of the system may facilitate instruct-
ing a user on how to operate a portable infusion device. The
system may include a touch sensitive display configured for
displaying at least one display object, such that user interac-
tion with the touch sensitive display generates a user input
value. In addition, the system may include a processor func-
tionally linked to the touch sensitive display and configured
for receiving the user input value. The system may further
include a program file for execution by the processor, which
may include data corresponding to an arrangement of at least
one of a text and a graphic, such that when the program file is
executed by the processor the at least one of the text and
graphic is displayed on the touch sensitive display and pro-
vides information to the user about operation of the portable
infusion device. In addition, at least one of the text and
graphic displayed on the touch sensitive display may be ani-
mated. Furthermore, the processor may execute the program
file in response to the user input value corresponding to a
request for the information.

Some embodiments of the device may be directed at a
method of providing information to a user of a portable infu-
sion device. The method may include displaying at least one
display object on a touch sensitive display of the portable
infusion device. In addition, the at least one display object
may relate to at least one of a text and a graphic providing
information to the user about the portable infusion device.
The method may also include the portable infusion device
detecting user interaction with the touch sensitive display and
being responsive to the detected user interaction. In addition,
the method may include animating at least one display object
displayed on the touch sensitive display.
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Some embodiments of the system for facilitating user error
prevention of a portable infusion device may include a touch
sensitive display configured for displaying at least one dis-
play object. In addition, the touch sensitive display may be
configured such that user interaction with the display gener-
ates a user input value. The system may further include a
processor functionally linked to the display and configured
for receiving the user input value and processor instructions
that are accessible by the processor and are configured to
instruct the processor to execute a number of tasks. In addi-
tion, some tasks may include displaying a plurality of objects
onthe touch sensitive display such that the plurality of objects
include at least two objects, each of which represents a dif-
ferent user input value. Furthermore, processor tasks may
include receiving a user selection of one displayed object and
corresponding it to a represented user input value. Addition-
ally, processor tasks may include ignoring the received user
selection if the represented user input value is not an accept-
able value for operation of the portable infusion device, and
otherwise accept the received user selection as a user input
value for operation of the portable infusion device.

Some embodiments may be directed at a method of using a
portable infusion device for facilitating user error prevention.
The method may include displaying a plurality of objects on
atouch sensitive display of the portable infusion device, such
that the plurality of objects including at least two objects
where each of which represents a different user input value.
Additionally, the method may include receiving a user selec-
tion of one displayed object on the touch sensitive display,
such that the user selection corresponding to a represented
user input value. Furthermore, the method may include ignor-
ing the received user selection if the represented user input
value is not an acceptable value for operation of the portable
infusion device, and otherwise accepting the received user
selection as a user input value for operation of the portable
infusion device.

Some embodiments may include a portable infusion
device, which may include a processor and a touch screen
display functionally linked to the processor and having a
display area that operates as a touch input area that detects
user interaction therewith. In addition, the portable infusion
device may include a plurality of modifiable objects dis-
played on the touch screen display, such that the plurality of
modifiable objects representing various information may be
simultaneously displayed in the touch input area of said touch
screen display. Additionally, the touch screen display and
processor may respond to a user touch to any one of said
modifiable objects on the touch screen display for at least one
of viewing, inputting, and modifying information associated
with the object touched by said user.

Some embodiments of the device may further include a
memory for receiving and storing user input data which
memory is coupled to the processor and is configured for
communicating that data to the processor.

Some embodiments of the device may additionally include
a display such as a display that is configured for displaying a
request for a user to input data. The display may further be
configured for receiving user input data in response to the
request and communicating that data to the memory. The
display may additionally be configured for displaying a
request for additional user interaction prior to delivering the
fluid to the body. The request for additional user interaction
includes one or more of an acceptance of delivery, a rejection
of delivery, or a request for more information.

In certain instances, device embodiments may include a
reservoir for storing a fluid such as insulin to be delivered to
a body of a user and a delivery mechanism, for effecting the
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delivery of the fluid. In such an embodiment, the processor
may further be configured for controlling one or both of the
delivery mechanism and reservoir in accordance with the
generated estimate of the amount of fluid to be delivered to the
body.

Some embodiments are directed to a method for delivering
an amount of a fluid to a body of a user. The method may
include providing an infusion device such as a device
described above having at least a data input interface, a pro-
cessor, and a display. The method may further include input-
ting externally supplied values into the data input interface,
wherein the data input interface receives the user input data
and communicates that data to the processor, the processor
receives the user input data, generates an estimate of an
amount of a fluid to be delivered to the body of the user, and
communicates the estimate to the display. The method may
additionally include receiving the generated estimate of an
amount of fluid to be delivered on the display of the device
and receiving a request for a user input on the display of the
device. Furthermore, the request may require the user to make
a selection before delivering the amount of fluid to the body of
the user and making a selection based on the estimate so that
once the selection is made, the device delivers the quantity of
fluid to the body in response to the selection. The user input
data includes one or more of a blood glucose level, a stress
level, a physiological condition, a complexity of a meal to be
ingested, an activity level, user history, and the like.

Some embodiments are directed to a system for generating
an estimate of an amount of fluid to be delivered to a body and
delivering the amount of fluid to the body of a user in accor-
dance with the generated estimate. The system may include a
remote commander, which may include one or more of a
processor for generating an estimate of an amount of fluid to
be delivered to a body in response to user input data, and a
data input interface for communicating with the processor.
Furthermore, the data input interface may be configured for
receiving user input data. The system may further include a
memory coupled to the processor for receiving and storing
user input data, a display for displaying the estimate of an
amount of a fluid to be delivered, and/or a transmitter for
transmitting a command to an infuser device. In addition, the
command may instruct the infuser device to deliver an
amount of fluid in accordance with the generated and con-
firmed estimate. The system may further include an infuser
device, such as one described above, configured for deliver-
ing an amount of a fluid to be delivered to a body of a user in
accordance with a generated estimate. For instance, the
device may include a reservoir, for storing the fluid, a delivery
mechanism for effectuating the delivery of the fluid, a
receiver for receiving the command from the transmitter of
the remote commander, and a processor for instructing the
reservoir and delivery mechanism to deliver the amount of
fluid to the body of a user in accordance with the generated
estimate. In an additional aspect, the disclosure is directed to
a kit including one or more of an infusion device and/or a
remote commander, as described above, and instructions for
using the same.

Certain embodiments are described further in the follow-
ing description, examples, claims and drawings. These fea-
tures of embodiments will become more apparent from the
following detailed description when taken in conjunction
with the accompanying exemplary drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an embodiment of an interchangeable
pump assembly.
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FIG. 2 illustrates an embodiment of a full-featured pump
device having an infusion cartridge coupled thereto.

FIG. 3 illustrates a block diagram representing an example
of a full-featured pump device.

FIG. 4 illustrates an embodiment of a basic pump device
having an infusion cartridge coupled thereto.

FIG. 5 illustrates a block diagram representing an example
of'a pump device incorporating basic features.

FIG. 6 illustrates an embodiment of an interchangeable
infusion cartridge.

FIG. 7A shows a rear view of a full featured infusion pump
having a slot configured to receive an infusion cartridge or
glucose meter.

FIG. 7B shows a rear view of a basic infusion pump having
a slot configured to receive an infusion cartridge or glucose
meter.

FIG. 7C shows a rear view of the full featured infusion
pump of FIG. 7A with an infusion cartridge disposed in the
slot.

FIG. 7D shows the basic infusion pump of FIG. 7B with a
glucose meter disposed in the slot of the basic infusion pump.

FIG. 8 illustrates an embodiment of a removable glucose
meter and associated glucose test strip.

FIG. 9A is a front view in perspective of an embodiment of
a full featured infusion pump system.

FIG. 9B is a rear view of an infusion cartridge coupled to
the infusion pump device of FIG. 9A.

FIG. 9C is a rear schematic view of an interior of the
infusion pump and cartridge embodiments of FIG. 9A.

FIG. 9D illustrates an embodiment of an infusion pump
system in operative communication with a patient.

FIG. 9E illustrates an enlarged view in partial section of a
distal end of an infusion line of the infusion pump system of
FIG. 9D disposed subcutaneously in the patient.

FIG. 10 illustrates an exploded view of the infusion car-
tridge and pump device of FIG. 9.

FIG. 11 illustrates a section view of an attachment mecha-
nism of the infusion cartridge and pump device of FIG. 9.

FIG. 12A illustrates in section an interface between
embodiments of a spool of the delivery mechanism and drive
mechanism of the infusion pump of FIG. 9.

FIGS. 12B-12D illustrate interface embodiments of the
bore of the spool and ball feature embodiments.

FIG. 13 illustrates an alignment mechanism embodiment
of the infusion pump embodiment of FIG. 9.

FIG. 13A illustrates a flared rail embodiment of the pump
housing and reservoir cartridge.

FIG. 14 is a section view of the delivery mechanism
embodiment shown in FIGS. 12A and 12B with the spool of
the delivery mechanism positioned at a distal hard stop for
filling of the expandable reservoir.

FIG. 14A is a transverse section view of the delivery
mechanism of FIG. 14 taken along lines 14 A-14A of FIG. 14.

FIG. 14B is a transverse section view of the delivery
mechanism of FIG. 14 taken along lines 14B-14B of FIG. 14.

FIG. 14C is a transverse section view of the delivery
mechanism of FIG. 14 taken along lines 14C-14C of FIG. 14.

FIG. 14D is a transverse section view of another embodi-
ment of the delivery mechanism of FIG. 14 taken along lines
14C-14C of FIG. 14.

FIG. 14E is a transverse section view of another embodi-
ment of the delivery mechanism of FIG. 14 taken along lines
14C-14C of FIG. 14.

FIG. 15 is a section view of the delivery mechanism
embodiment of FIGS. 12A and 12B with the spool of the
delivery mechanism positioned for filling of a collapsible
volume of the spool.
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FIG. 15A is a section view of the delivery mechanism
embodiment of FIGS. 12A and 12B with the spool of the
delivery mechanism positioned after filling of the collapsible
volume of the spool.

FIG. 15B shows the spool of FIG. 15 A with the collapsible
volume of the device full of fluid being displaced proximally
towards the dispense port of the device.

FIG. 16 is a section view of the delivery mechanism
embodiment of FIGS. 12A and 12B with the spool of the
delivery mechanism positioned prior to delivery of fluid into
the dispense port from the collapsible volume of the spool.

FIG. 17 is a section view of the delivery mechanism
embodiment of FIGS. 12A and 12B with the spool of the
delivery mechanism positioned after delivery of fluid from
the collapsible volume of the spool into the dispense port.

FIG. 18 is a section view of the delivery mechanism
embodiment of FIGS. 12A and 12B with the spool of the
delivery mechanism positioned prior to delivery of fluid from
the expandable volume of the spool and with a vent channel
established for the vented volume of the cartridge.

FIG. 19A is a section view of a delivery mechanism
embodiment having an expandable volume formed from a
sliding seal and with a spool of the delivery mechanism
positioned prior to delivery of fluid from the expandable
volume of the spool with a vent channel remaining closed.

FIG. 19B is a section view of the delivery mechanism
embodiment of FIG. 19A with the spool of the delivery
mechanism positioned after delivery of fluid from the
expandable volume of the spool.

FIG. 19C is a section view of the delivery mechanism of
FIG. 19B broken away for purposes of illustration.

FIG. 19D is a transverse section view of the delivery
mechanism of FIG. 19C taken along lines 19D-19D of FIG.
19C.

FIG. 19E is a transverse section view of the delivery
mechanism of FIG. 19C taken along lines 19E-19E of FIG.
19C.

FIG. 20 is a block diagram representing an exemplary
infusion pump device.

FIG. 21 is a block diagram representing an exemplary
delivery mechanism of an infusion pump embodiment.

FIG. 22 is a block diagram representing an reservoir
embodiment associated with an infusion pump embodiment.

FIG. 23 is a block diagram representing functioning of a
processor embodiment of an infusion pump.

FIG. 24 is a block diagram representing a display of an
infusion pump embodiment.

FIG. 25 is a block diagram representing functioning of a
processor of an infusion pump embodiment.

FIG. 26 is an embodiment of information architecture rep-
resenting a part of a GUI page or screen hierarchy of portable
infusion device embodiments discussed herein.

FIG. 27 is an embodiment of a screen shot of ahome screen
page of the GUI page hierarchy of the portable infusion
device.

FIG. 28 illustrates an embodiment of a bolus object.

FIG. 29 is a flow diagram illustrating a method of program-
ming the delivery of a bolus.

FIG. 30 is an embodiment of a bolus confirmation page of
the GUI page hierarchy.

FIG. 31 is a screen shot of a virtual keypad displayed on the
touch screen display for data entry.

FIG. 32 is a screen shot of an embodiment of an extended
bolus setup page.

FIG. 33 is a screen shot of an embodiment of an extended
bolus confirmation page.
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FIG. 34 is a screen shot of an embodiment of a virtual
keypad employing a dynamic error prevention feature.

FIG. 35 is a screen shot of an embodiment of a virtual
keypad displayed on the touch screen display for entering
text.

FIG. 36 is a screen shot of a home screen page embodi-
ment.

FIG. 37 is a screen shot of a home screen page embodi-
ment.

FIG. 38 is a screen shot of a home screen page embodi-
ment.

FIG. 39 is a screen shot of a home screen page embodi-
ment.

FIG. 40 is an enlarged view of a status indicator object
displayed on a page of the GUI page hierarchy.

FIG. 41 is a screen shot of an options page embodiment.

FIG. 42 is a flow diagram of a delivery setup process
embodiment for a portable infusion pump.

FIG. 42A is a screen shot of a data entry page embodiment
for creation of a delivery profile.

FIG. 42B is a screen shot of a basal rate setup page embodi-
ment for creation of a delivery profile.

FIG. 42C is a screen shot of a basal confirmation page
embodiment for creation of a delivery profile.

FIG. 42D is a screen shot a blood glucose correction factor
setup page embodiment.

FIG. 42E is a screen shot of a blood glucose correction
factor confirmation page embodiment.

FIG. 42F is a screen shot of a blood glucose target correc-
tion setup page embodiment.

FIG. 42G is a screen shot of a target blood glucose confir-
mation page embodiment.

FIG. 42H is a screen shot of an insulin duration data entry
page embodiment.

FIG. 421 is a screen shot of a food bolus set up page
embodiment.

FIG. 42] is a screen shot of a carbohydrate (carb) ratio set
up page embodiment.

FIG. 42K is a screen shot of a carb ratio confirmation page
embodiment.

FIG. 421 is a screen shot of a quick bolus data entry page
embodiment.

FIG. 43 is a flow chart of quick bolus set up process
embodiment.

FIG. 43 A is a screen shot of a quick bolus data entry page
embodiment.

FIG. 43B is a screen shot of a quick bolus data entry page
embodiment.

FIG. 43C is a screen shot of a quick bolus quick bolus data
entry confirmation/delay page embodiment.

FIG. 43D is a screen shot of a bolus confirmation page
embodiment.

FIG. 44 is a screen shot of a blood glucose status page
embodiment.

FIG. 45 is a screen shot of an instructional page embodi-
ment for set up of a portable infusion pump.

FIG. 46 is a screen shot of an instructional page embodi-
ment for set up of a portable infusion pump.

FIG. 47 is a screen shot of an instructional page embodi-
ment for set up of a portable infusion pump.

FIG. 48 is a screen shot of a delivery profile time segment
setup page embodiment.

FIG. 49 is a screen shot of a delivery profile time segment
confirmation page embodiment.

FIG. 50A is a screen shot of a delivery calculation page
embodiment.
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FIG. 50B is a screen shot of a person settings page embodi-
ment.

FIG. 51 is a screen shot of another embodiment of a home
screen page.

FIG. 52 is a screen shot of another embodiment of a home
screen page.

FIG.53A is a screen shot of another embodiment ofa bolus
set up page.

FIG.53B is a screen shot of another embodiment of a bolus
set up page.

FIG. 53C is a screen shot of another embodiment of an
extended bolus set up page.

FIG. 54 illustrates a screen which displays multiple graphs
simultaneously on a touch screen display.

FIG. 55 illustrates a screen which displays multiple graphs
simultaneously on a touch screen display.

The drawings illustrate embodiments of the technology
and are not limiting. For clarity and ease of illustration, the
drawings may not be made to scale and, in some instances,
various aspects may be shown exaggerated or enlarged to
facilitate an understanding of particular embodiments.

DETAILED DESCRIPTION

As discussed above generally, there is a need for an infu-
sion device that is capable of taking into account factors in
determining an appropriate amount of medicament (e.g.,
insulin) to be delivered to the body so as to achieve blood
glucose homeostasis. Medicament infuser embodiments are
discussed herein that are configured in hardware, software,
and/or user interface so as to receive user input and/or other
data, which may be input by the users interaction with an
intuitive user interface, processed to determine an estimate of
an amount and/or rate of medicament delivery, which esti-
mate may then be accepted, rejected, or manipulated by the
user, so as to effectuate the delivery of the appropriate amount
of medicament and thereby maintain homeostasis.

Some infusion device, system, and the method embodi-
ments discussed herein may account for a wide range of
variables in determining an amount of medicament, e.g., insu-
lin, to be infused into a patient over a given period of time.
Further, some embodiments discussed herein may allow for
fine regulation of the amount of medicament delivered as well
as the time during which the medicament is delivered. Some
embodiments may include advances both in the internal com-
ponents and the control circuitry as well as improvements in
auser interface. The advances may allow for a more fine tuned
regulation of blood glucose levels than is currently attainable
by the devices, systems, and methods that are available at this
time. Although embodiments described herein may be dis-
cussed in the context of the controlled delivery of medica-
ments such as insulin, other indications and applications are
also contemplated. Device and method embodiments dis-
cussed herein may be used for pain medication, chemo-
therapy, iron cleation, immunoglobulin treatment, dextrose or
saline IV delivery, or any other suitable indication or appli-
cation. Non-medical applications are also contemplated.

Maintaining appropriate blood glucose homeostasis is an
important factor for promoting the length and quality of life of
a diabetic patient. Different types of pumps provide a user
with various advantages, some of which can be mutually
exclusive. For example, a pump device having a large output
display can be easier to read and use compared to a pump
device with a smaller output display. But that pump may also
have a housing that is generally larger and may require a
greater power usage. Large and bulky pump devices can be
uncomfortable or unwieldy which can contribute to problems
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with user compliance. For example, a user may be less likely
to wear a larger pump device while sleeping or when involved
in certain activities. Smaller and more discreet pump systems
known in the art can be more easily worn at night, but do not
provide all the features patients have come to rely upon for
safety and convenience. And once removed from the skin,
known pump devices and their associated insulin cartridges
cannot be used again.

A single insulin infusion cartridge can be used with a pump
device to supply a user with insulin over an extended period of
days, such as 3 days. During this time period a user’s needs
with respect to pump features can change. As mentioned
above, full-featured pumps offer certain advantages that a
user may not desire at other times such as during sleep or busy
weekend activities. Because known insulin cartridges and
infusion sets are not interchangeable they cannot be used
again once the sterile field is broken and the infusion set and
cartridge is used with one pump device. Known infusion sets
and insulin cartridges must be thrown out once they are dis-
connected from a patient.

Provided herein is an interchangeable pump assembly that
provides a user with the flexibility and convenience to alter-
nate between pump devices having various features and
advantages at any given moment during a single treatment
protocol. In some cases a single insulin cartridge can be
alternated between pump devices, such as a smaller, more
discreet pumping device having fewer features and a larger,
full-featured pumping device, during a single treatment with-
out compromising the sterility, and thus wasting the cartridge.

Turning now to the figures, FIG. 1 shows an embodiment of
interchangeable infusion assembly 10. The assembly 10 can
include a first pump device 12, a second pump device 14, an
infusion cartridge 16 having an infusion set connector 18, and
optionally a glucose meter 20. Either the infusion cartridge 16
or the glucose meter 20 can be functionally and interchange-
ably inserted in a receiving slot 22 located in the first pump 12
and a receiving slot 24 located in the second pump 14, as will
be discussed in more detail below. The first pump 12 can have
ahousing 26 that is generally larger than the housing 28 of the
second pump 14 (see also FIGS. 2 and 4). Similarly, the first
pump 12 generally includes more features than the second
pump 14, as will be discussed in more detail below. It should
be noted that some or all of the suitable features, dimensions,
materials and methods ofuse of the infusion assembly 10 may
be used or incorporated into any other infusion system, or
components thereof, discussed herein. It should also be noted
that the interchangeability of infusion cartridge embodiments
is discussed herein generally in the context of transferring an
infusion cartridge from a first pump to a second pump having
features different from those of the first pump. However, all of
the interchangeability features and methods associated with
this type of transfer may also be applied to the transfer of an
infusion cartridge from a first pump to a second pump having
the same features as the first pump.

FIG. 3 illustrates a block diagram of some of the features
that can be incorporated within the housing 26 of the first
pump 12. The first pump 12 can include a memory device 30,
a transmitter/receiver 32, an alarm 34, a speaker 36, a clock/
timer 38, an input device 40, a processor 42, an output/display
44 such as a graphic user interface or GUI having an input 46,
a drive mechanism 48, and an estimator device 50. As men-
tioned, the housing 26 of the first pump 12 may be function-
ally associated with an interchangeable and removable glu-
cose meter 20 or infusion cartridge 16. The infusion cartridge
16 may have an outlet port 52 that may be connected to an
infusion set connector 18 and an infusion set 54.
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FIG. 5 illustrates a block diagram of features that can be
incorporated within the more basic, second pump device 14.
The second pump device 14 can include memory 56, trans-
mitter/receiver 58, processor 60, output/display 62, and drive
mechanism 64. The housing 28 of the second pump device 14
can be functionally associated with interchangeable and
removable glucose meter 20 or infusion cartridge 16. The
infusion cartridge 16 can have an outlet 52 that can be con-
nected to an infusion set connector 18 and an infusion set 54.

Variations of the pump devices and features described
herein may exist. For example, the full-featured pump device
12 may include a number of features that may or may not be
included in the basic pump device 14. The features of each of
the pump devices may vary and one or both pump devices
may include certain features that are described herein. For
example, although the full-featured pump device 12 may be
described in an embodiment as having a metal housing 26, the
full featured pump 12 may also have a plastic housing 26.
Conversely, although the more basic pump device 14 may be
described in an embodiment as having a plastic housing 28 it
should be appreciated that it can also have a metal housing 28.
In general, the full-featured pump device embodiments 12
described herein may include features that ultimately account
for the difference in size and weight compared to the basic
pumping device 14. It should be appreciated that because a
feature or characteristic is described herein as being present
on the full-featured pump device 12, that same feature or
characteristic is not necessarily missing or different on the
more basic pump device 14. The description below provides
examples of some of the features that may be incorporated
into one or both of the full-featured pump device 12 and the
basic pump device 14.

The housing 26 of the first pump device 12 (see FIG. 2) and
the housing 28 of the second pump device 14 (see FIG. 4) can
each be of any suitable shape and size. For instance, the
housings 26 and 28 may be extended and tubular, or in the
shape of a square, rectangle, circle, cylinder or the like. The
housings 26 and 28 may be dimensioned so as to be comfort-
ably associated with a user and/or hidden from view, for
instance, within the clothes of a user. The housing 26 of the
first pump device 12 may generally be larger than the housing
28 of the second pump device 14. In some embodiments, the
housing 26 of the full-featured pump device 12 may have a
width of about 2 inches to about 5 inches, a height of about 1
inch to about 3 inches and a thickness of about 0.25 inch to
about 0.75 inch, more specifically, the housing 26 may have a
width of about 2.5 inches to about 3.5 inches, a height of about
1.5 inches to about 2.5 inches and a thickness of about 0.4
inches to about 0.8 inches. For some embodiments, the hous-
ing 28 of the basic pump device 14 may have a width of about
2.5 inches to about 3.5 inches, a height of about 1 inch to
about 2 inches and a thickness of about 0.2 inches to about 0.6
inches. The materials of the housings 26 and 28 may vary as
well. In some embodiments, housing of the full-featured
pump device 12 may be a water-tight, metal housing that may
be taken apart for repairs. In some embodiments, housing 28
of'the basic pump device 14 may be a very water-tight, plastic
housing that is glued together permanently.

Still with respect to FIGS. 2 and 4, the pump devices 12 and
14 may include an output/display 44 or 62. The type of
output/display 44 or 62 may vary as may be useful for par-
ticular application. The type of visual output/display may
include LCD displays, LED displays, plasma displays,
OLED displays and the like. The output/display 44 or 62 may
also be an interactive or touch sensitive screen having an input
device such as a touch screen, a capacitance screen, a resistive
screen or the like. The output/display 44 of the first pump
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device 12 may be generally larger than the output/display 62
of the second pump device 14. In some embodiments, the
output/display 44 of the full-featured pump device 12 may be
an OLED screen and the input 40 may be a capacitance touch
screen. In some embodiments, the output/display 62 of the
basic pump device 14 may be an LCD screen. The pump
devices 12 and 14 may additionally include a keyboard or
other input device known in the art for data entry, which may
be separate from the display. The output/display 44 or 62 of
the pump devices 12 or 14 may also include a capability to
operatively couple to a secondary display device such as a
laptop computer, mobile communication device such as a
smartphone or personal digital assistant (PDA) or the like.

The pump devices 12 or 14 may have wired or wireless
communication capability such as for the sending and receiv-
ing of data as is known in the art. The wireless capability may
be used for a variety purposes, including updating of any
software or firmware for the processor of the device. The
wireless communication capability may vary including, e.g.,
a transmitter and/or receiver, radiofrequency (RF) trans-
ceiver, WIF]I connection, infrared or Bluetooth® communi-
cation device. The wired communication capability may also
vary including, e.g., USB or SD port, flash drive port, or the
like. In some embodiments, the first pump device 12 and the
second pump device 14 each has a transmitter/receiver 32 and
58, such as a radiofrequency (RF) transceiver, that allows the
first and second pump devices 12 and 14 to communicate with
one another and be used interchangeably without loss of data
or information during an infusion protocol with a single infu-
sion cartridge 16. A user can alternate between the full-fea-
tured first pump device 12 and the more basic, second pump
device 14 during a single infusion protocol and the transfer of
data between the two can be automatic. The first pump device
12 may also act as a PDA or controller to wirelessly control
the second pump device 14. For such an embodiment, data
may be transferred between the controller of the first pump
device and second pump device by radio signal, optical trans-
mission or any other suitable means. Both the first and second
pump devices 12 and 14 may be used as stand-alone devices
as well.

One or more of the pump devices 12 or 14 may also include
GPS functionality, phone functionality, warning and/or alarm
programming; music storage and replay functionality, e.g., an
MP3 player; a camera or video mechanism; auto scaling
capabilities, and/or one or more video type games or other
applications developed by third parties for use thereon. One
or more of the pump devices 12 or 14 may also include an
accelerometer, for instance, which may be used for changing
presented estimates, wherein instead of scrolling through a
menu of options or using a numerical keypad, values can be
input or changed via the accelerometer, such as by gesturing
with or otherwise shaking the device.

As shown in FIGS. 3 and 5 the first and second pump
devices 12 and 14 each has a processor 42 and 60 that func-
tions to control the overall functions of the device. The pro-
cessors 42 and 60 may include programming that functions to
control the respective device and its components. The proces-
sors 42 and 60 may communicate with and/or otherwise con-
trol the drive mechanism, output/display, memory, transmit-
ter/receiver and the like. The processor of one of the pump
devices may communicate with the processor of the other
pump device, for example, through the transmitter/receiver.
The processors may include programming that can be run to
control the infusion of insulin or other medicament from the
cartridge, the data to be displayed by the display, the datato be
transmitted via the transmitter, etc. The processors may also
include programming that allows the processors to receive
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signals and/or other data from an input device, such as a
sensor that senses pressure, temperature, and the like, that
may be included as a part of the device or used in conjunction
therewith. The processors 42 and 60 may receive signals, for
instance, from a transmitter/receiver on the blood glucose
monitor (see FIG. 8) and store the signals in the memory, as
will be discussed in more detail below.

The processors 42 and 60 may also include additional
programming to allow the processor to learn user preferences
and/or user characteristics and/or user history data, for
instance, to implement changes in use suggestions based on
detected trends, such as weight gain or loss; and may include
programming that allows the device to generate reports, such
as reports based upon user history, compliance, trending,
and/or other such data. Additionally, pump device embodi-
ments of the disclosure may include a “power off” or “sus-
pend” function for suspending one or more functions of the
device, such as suspending a delivery protocol, and/or for
powering off the device or the delivery mechanism thereof.
For some embodiments, two or more processors may be used
for controller function of the pumps, including a high power
controller and a low power controller used to maintain pro-
gramming and pump functions in low power mode in order to
save battery life.

The first pump device 12 and the second pump device 14
may each include a memory device 30 and 56. The memory
devices 30 and 56 may be any type of memory capable of
storing data and communicating that data to one or more other
components of the device, such as the processor. The memory
may be one or more of a Flash memory, SRAM, ROM,
DRAM, RAM, EPROM, dynamic storage, and the like. For
instance, the memory may be coupled to the processor and
configured to receive and store input data and/or store one or
more template or generated delivery patterns. For example,
the memory can be configured to store one or more person-
alized (e.g., user defined) delivery profiles, such as a profile
based on a user’s selection and/or grouping of various input
factors (as described below); past generated delivery profiles;
recommended delivery profiles; one or more traditional deliv-
ery profiles, e.g., square wave, dual square wave, basal and
bolus rate profiles; and/or the like. The memory can also store
user information, history of'use, glucose measurements, com-
pliance, an accessible calendar of events, and the like. The
first pump device 12 may have a relatively large memory
compared to the memory of the second pump device 14. In
some embodiments, the memory 30 of the first pump device
12 may be up to about 10 GB, more specifically, up to about
3 GB, even more specifically, about 1 MB to about 200 MB.
In some embodiments, the memory 56 of the second pump 14
may be up to about 3 GB, more specifically, up to about 500
MB, and even more specifically, about 200 kB to about 200
MB.

The first and second pump devices 12 and 14 may include
a power charging mechanism in some cases, such as a USB
port, induction charger, or the like. The power charging sys-
tem may be used to charge a power storage cell such as a
rechargeable battery of the pump device. Some embodiments
may use a rechargeable battery such as a NiCad battery, LiPo
battery, NiMH battery or the like. In some embodiments, the
power charging mechanism 68 of the first pump 12 may be a
USB port. As such, all data may be kept in the first pump
device 12 for quick and easy downloading of data to a com-
puter, other pump device, network etc. using the USB port.
The USB port 68 of the first pump device 12 may also provide
the first pump device 12 with power charging. In some
instances, the power charging mechanism 70 of the second
pump device 14 may be an induction charging device. In
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some cases, an advantage of having interchangeable pumping
devices 12 and 14 may be that while one pump device is being
used for infusion, the other pump device can be charging.
Further, the use of dual pump devices may provide a user of
the pumps with a back-up in case of failure of one pump
device.

The first pump 12 may also include programming to allow
processor 42 to make a recommendation regarding a variety
of treatment parameters. For instance, the processor 42 may
include one or more estimator functionalities 50, which may
allow the processor 42 to receive data from various sources,
parse the data, collate the same, and generate an estimate
based on the same. For instance, the processor 42 may receive
user input data and/or data from one or more sensors or other
external sources, which the processor 42 can process and
thereby use to generate an estimate, such as an estimate of an
amount of fluid to deliver to a body, a rate of fluid delivery,
and/or a specific fluid delivery profile. For example, the pro-
cessor 42 may be configured to process data pertinent to a
current or predicted condition and to generate an estimate,
represented as an amount, rate, profile, etc. of fluid to be
delivered based on that data, which estimate may then be
displayed to a user, thereby allowing the user to interact with
the estimate to accept, decline, and/or otherwise modify the
estimate.

FIG. 6 shows an embodiment of the infusion cartridge 16.
The infusion cartridge 16 may include a housing 72 having an
inner chamber 74 containing a fluid reservoir that can store,
for example liquid insulin or other suitable medicament. The
fluid reservoir 76 may have any suitable shape and size con-
figured for receiving fluid through a fill port 134 (see FIG.
10), storing the fluid and releasing the fluid. The fluid reser-
voir 76 may be an expandable bag. In some embodiments, the
fluid reservoir 76 may be a bag or container surrounded or
formed by a flexible material 80 that may be expandable, but
not elastic or stretchy. In some embodiments, the fluid reser-
voir 76 may be filled such that the fluid reservoir occupies
approximately ¥4 of the volume of an inner chamber 74 of the
housing 72. In these embodiments, the remaining %4 of the
inner chamber 74 of the housing 72 may hold or store a gas
such as air, carbon dioxide or the like. The fluid reservoir 76
and the inner chamber 74 may store their respective fluids
under pressure, such as atmospheric, a pressure higher than
atmospheric pressure or a pressure lower than atmospheric or
ambient pressure.

Still with respect to FIG. 6, the infusion cartridge 16 may
be a reversibly removable and interchangeable element that
can be inserted in either the receiving slot 22 of the first pump
device 12 or the receiving slot 24 of the second pump device
14. Each of the pump housings 26 and 28 may include an
alignment and attachment mechanism (see FIGS. 7A and 7B)
corresponding to a receiving mechanism 84 on the cartridge
16. The receiving mechanism 84 may couple with the attach-
ment mechanism 82 such that the infusion cartridge 16 may
be reversibly attached and detached from the housings 26 and
28 of the pump devices 12 and 14 for fluid delivery as will be
discussed in more detail below. The alignment and attach-
ment mechanism 82 may also include a needle 86 that pen-
etrates a septum 88 on the end of the infusion cartridge 16.

As shown in FIGS. 7A and 7B, the needle 86 may be
positioned between pins of the attachment mechanism 82
such that the pins of the attachment mechanism 82 act to align
the cartridge 16 to ensure proper insertion of the needle 86
through the septum 88 (shown in FIG. 6). The needle 86 can
penetrate the septum 88 upon installation of the infusion
cartridge 16 in the slot 22 such that the inner chamber 74 of
the infusion cartridge 16 may be in sealed communication
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with the pump device 12. In some instances, the septum 88
may be a self-sealing septum such that upon removal of the
cartridge 16 from the slot 22 and the needle 86 through the
septum 88, the septum re-seals. The configuration of the
receiving mechanism and corresponding attachment mecha-
nism 82 may vary in some instances. For example, the mecha-
nisms may be a pin and receiver port type of mechanism as
shown in FIGS. 7A and 7B or a pneumatic tap system as will
be described in more detail below.

Now with respect to FIGS. 7C and 7D, the infusion car-
tridge 16 may also include a delivery mechanism 90 that
functionally and operably interfaces with the drive mecha-
nism 92 of the pump devices 12 and 14. The infusion cartridge
16 and the pump devices 12 and 14 may be reversibly attached
and detached to each other regardless of the stage of treatment
or the position of the drive mechanism 92. The drive mecha-
nism 92 regulates the flow of fluid from the reservoir out-
wards through the outlet 52. In some embodiments, the inner
chamber 74 may include an opening 52 that fluidly commu-
nicates with the delivery mechanism 90 and may allow the
fluid stored within the reservoir 76 to be expelled from the
reservoir 76 through the opening 52 into the delivery mecha-
nism 90 upon control of a valve or other mechanism. Ulti-
mately the fluid can be expelled through outlet 52 towards the
infusion set connector 18 and to the user. The drive mecha-
nism 92 may be an electrically powered drive mechanism 92
astranslated by a gear or reduction system. For some embodi-
ments, the drive mechanism 92 may include a hydraulic
mechanism, pneumatic mechanism, piezoelectric mecha-
nism, stepper motor, continuous motor, or the like. In some
embodiments, the drive mechanism 92 may include a rack
and pinion system in which the rack upon rotation of the
pinion moves laterally within a translation chamber of the
delivery mechanism.

As mentioned above, the attachment mechanism 82 may
act as an alignment device to ensure proper insertion of the
needle 86 through the septum 88 and proper coupling of the
delivery mechanism 90 with the drive mechanism 92. The
infusion cartridge 16 and pump devices 12 and 14 may
include additional alignment mechanisms that ensure proper
coupling occurs to prevent inadvertent lateral translation and
delivery of insulin or other medicament to the patient. For
example, the pump device 12 or 14 may also include a horse
collar type device or other feature positioned near a location
where the delivery mechanism 90 couples to the drive mecha-
nism 92. Such a feature may prevent lateral movement of the
infusion cartridge 16 (and in turn the delivery mechanism 90)
for some configurations as it couples with the pump device 12
and 14 such that inadvertent delivery of insulin to the patient
upon insertion of the cartridge into the pump device is pre-
vented. The head 94 of the cartridge 16 which contains the
delivery mechanism 90 may also be held using a rail system
as will be described in more detail below. A snap system
including corresponding male and female parts that allow the
infusion cartridge 16 to snap into place in operable contact
with the pump devices 12 and 14 may also be used.

Some embodiments of the pump assembly 12 or 14 may
also include a removable glucose meter 20 (FIG. 8). The
glucose meter 20 may include a housing 96 having an insert
hole 98. A measuring probe or glucose test strip 100 may be
inserted into the insert hole 98. The glucose meter 20 may
include a control panel 102 configured to control and a mea-
suring lamp 104. Alternatively, the glucose meter 20 may be
controlled by the input on the pump devices 12 or 14. The
control panel 102 may also convert a measured value from the
measuring lamp 104 into a signal that may be transmitted and
recognized by the processor 42 or 60 of the pump device 12 or
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14. The data may be transmitted wirelessly such as by a
transmitter/receiver or may be a wired connection between
the pump device and the glucose meter 20 upon insertion into
the receiving slot 22 or 24. In some embodiments, the com-
munication between the glucose meter 20 and the pump
device 12 or 14 occurs wirelessly by RF or the like. Although
the glucose meter discussed above utilizes a test strip for
testing, any other suitable glucose testing method or device
may be used such as the use of optical methods or electrical
methods.

As described above, each of the pump devices 12 and 14
may have a receiving slot 22 or 24 into which the infusion
cartridge 16 or the glucose meter 20 may be inserted. Like the
infusion cartridge 16, the glucose meter 20 may be a revers-
ibly removable and interchangeable element that can be
inserted in either the receiving slot 22 of the first pump device
12 or the receiving slot 24 of the second pump device 14. The
housing 96 of the glucose meter 20 may have the same or
similar dimensions as the housing 72 of the infusion or res-
ervoir cartridge 16 and include the same attachment mecha-
nism 84 as that of the cartridge 16. As described above, each
of the pump housings 26 and 28 may include an attachment
mechanism 82 (see FIGS. 7A and 7B). The attachment
mechanism 84 of the glucose meter 20 may corresponding to
the attachment mechanism on the pump devices 12 or 14 such
that the glucose meter 20 may be removably coupled to the
housings 26 or 28 of the pumps 12 or 14. The configuration of
the attachment mechanisms may vary as described above.
Embodiments of the glucose meter 20, once inserted into the
receiving slot 22 or 24, may communicate with the pump
devices 12 and 14 such that the results of the glucose meter,
such as a glucose monitoring test strip 100, may automati-
cally be entered into the data log.

The glucose meter 20 may be inserted into the same receiv-
ing slot 22 or 24 as the infusion cartridge 16. The assembly
therefore may have the added advantage of fewer devices for
which the user must mind. For example, while the infusion
cartridge 16 is inserted into the receiving slot 22 of the first
pump device 12 and being used for a treatment infusion
protocol, the glucose meter 20 may be inserted within the
receiving slot 24 of the second pump device 14 while that
pump device 14 is not being used or is charging. Thus, the
receiving slot 22 or 24 of the pump device 12 or 14 not being
actively used provides a storage location for the glucose
meter 20 (see FIGS. 7C and 7D). Further, the assembly may
have an advantage that the glucose meter 20 may be any
number of different glucose meters made by a number of
different companies such that the user has the added flexibil-
ity to decide which company’s glucose meter and glucose test
strips 100 they prefer to use.

FIGS. 9A-14 show another embodiment of an infusion
pump system 110 including an infusion cartridge 112 and
pump device 114. As with previously described embodi-
ments, the infusion cartridge 112 is a reversibly removable
and interchangeable element that may be inserted into difter-
ent pump devices. The pump device embodiment 114 may
have some or all of the same or similar features, dimensions or
materials as those of the pump devices 12 and 14 illustrated in
FIG. 2. Referring to FIG. 9A, a front view of the pump device
114 is shown and includes a user friendly user interface 116
on a front surface 118 of the pump device 114. The user
interface 116 includes a touch sensitive screen 120 that may
be configured to display a variety of screens used for display-
ing data, facilitating data entry by a patient, providing visual
tutorials, as well as other interface features that may be useful
to a patient operating the pump device 114. FIG. 9B is a rear
view of the pump device 114 and illustrates the detachable
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installment of the infusion cartridge 112 in a slot 122 of the
pump device 114 which is configured to accept the cartridge
112. FIG. 9C is a schematic view of an open housing 124 of
the pump device 114 which shows schematically some com-
ponents that may be included in embodiments of the pump
device 114. FIG. 9D shows the pump system 110 operatively
coupled to a patient 127. FIG. 9E shows an outlet 123 of an
infusion set 125 disposed beneath the skin of a patient 127.
The infusion set is in fluid communication with a dispense
part at the pump system 110 and a fluid 121, such as insulin or
other suitable medicament, is shown being disposed form the
outlet 123 into the body of the patient 127. It should be noted
that some or all of the suitable features, dimensions, materials
and methods of use of the infusion pump system 110 may be
used or incorporated into any other infusion system, or com-
ponents thereof, discussed herein.

For some embodiments, the pump system 110 may include
a disposable fluid reservoir cartridge 112. The disposable
cartridge 112 may include a fluid interface configured to
receive a fluid such as collapsible reservoir 126. The collaps-
ible reservoir 126 may be formed from a flexible material or
membrane 128 that is disposed about an interior volume of
the reservoir 126. The cartridge 112 also includes a substan-
tially rigid container 130 sealed around the flexible material
of'the collapsible reservoir 126. A disposable delivery mecha-
nism 132 is disposed within the disposable cartridge 112 and
may have a fill port 134 with a re-sealable septum 136 sealed
over the fill port 134, a reservoir inlet port 138 in fluid com-
munication with an interior volume 140 of the collapsible
reservoir 126, a fluid dispense port 142 in fluid communica-
tion with a bore 144 of the delivery mechanism 132, a vent
inlet port 146 and a vent outlet port 148 both in fluid commu-
nication with the bore 144. The collapsible reservoir 126 may
have a bag-like structure with flexible walls that can collapse
and expand depending upon the amount of material in the
volume of the reservoir. The interior volume of the reservoir
may be in fluid isolation from the remaining interior volume
of the rigid container 130.

For some embodiments, the reservoir may be formed from
amembrane having a thickness of about 0.001 inches to about
0.005 inches, more specifically, about 0.002 inches to about
0.004 inches. In some cases, the membrane of the reservoir
may be made from polymers such as PET, SiO, linear low
density polyethylene or the like. Some embodiments of the
reservoir may have an interior volume in a fully expanded
state of about 1 ml to about 10 ml, more specifically, about 3
ml to about 5 ml. The membrane of the reservoir 126 may
have a generally enclosed configuration with a top portion in
sealed relation to the housing of the delivery mechanism. The
membrane may be sealed and bonded to the housing of the
delivery mechanism by heat welding, adhesive bonding or
any other suitable method. The rigid container 130 of the
cartridge may have an interior volume of about 2 to about 15
ml, more specifically, about 3 ml to about 5 ml. The shell 130
may be made from any suitable material, and particularly
moldable materials, including polymers and specific materi-
als such as polycarbonate or the like. The shell may have a
nominal wall thickness of about 0.03 inches to about 0.08
inches, more specifically, about 0.04 inches to about 0.06
inches.

The cartridge 112 may be releasably and operatively
secured to ahousing 124 of the pump device 114. The housing
124 may be configured to house a drive mechanism 150
including a motor 152 and gear box 154 disposed in the
housing 124 and detachably coupled to a spool member 156
of the delivery mechanism 132. The drive mechanism 150
may be detachably and operatively coupled to the spool 156
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member of the delivery mechanism 132. At least one pressure
sensor 158 may be disposed in a volume 160 between an
outside surface 162 of the flexible material or membrane 128
of the collapsible reservoir 126 and an inside surface 164 of
the substantially rigid shell or case 130. As shown in FIG. 9C,
a graphic user interface 166 may be operatively coupled to a
controller 168, which may include at least one processor 170,
a memory device 172 and connective circuitry or other data
conduits that couple the data generating or data managing
components of the device. A power storage cell in the form of
a battery 174 that may be rechargeable may also be disposed
within the housing 124. Data generating or managing com-
ponents of the device may include the processor(s) 170, the
memory device 172, sensors 158, including any pressure or
temperature sensors, the GUI 166 and the like.

Other components such as the vibratory motor 175,
speaker 178, battery 174 and motor 152 of the drive mecha-
nism 150 may also be operatively coupled to the controller
168. Connective circuitry may include conductive wiring
such as copper wiring, fiber optic conduits, RF conduits and
the like. For some embodiments, the fluid reservoir cartridge
112, and any of the fluid reservoir cartridges discussed herein,
may include an encoder or bar code type strip (not shown).
The encoder strip or device may be configured to be scanned
and read by a reader device of the pump 114 with the reader
device in operative communication with the controller 168 or
processor 170 thereof. The encoder device may alternatively
be an RFID chip or the like that transmits data to a reader such
as a data receiving processor or the like. Such encoder device
embodiments may include the ability to securely transmit and
store data, such as, via, encryption, to prevent unauthorized
access or tampering with such data. The identification of the
fluid reservoir cartridge 112 may be used by the controller
168 to set or to adjust certain dispense parameters or any other
suitable parameters.

For the embodiment shown, the vent inlet port 146 may be
disposed on the delivery mechanism 132 in fluid communi-
cation with the volume 160 disposed between the outside
surface 162 of the flexible material or membrane 128 of the
collapsible reservoir 126 and an inside surface 164 of the
substantially rigid shell or case 130 of the infusion cartridge.
The controller 168 may include at least one processor 170 and
a memory device 172, the controller 168 being operatively
coupled to the drive mechanism 150, GUI 166, and at least
one pressure sensor 158. The controller may be configured to
generate a signal to the drive mechanism 150 to displace the
spool 156 of the delivery mechanism 132.

As shown in FIGS. 10-11, the pump device 114 may
include an attachment mechanism 176 positioned within the
slot 122 near its terminus that corresponds to a receiving
mechanism 178 at an end of the infusion cartridge 112. The
attachment and receiving mechanisms may be configured to
removably couple an interior volume of the cartridge with a
volume of the pump that is sealed from the surrounding
environment with the coupling able to retain a fluid within the
volumes even under significant pressure. The o-ring based tap
attachment embodiment discussed below may be so config-
ured and suitable for producing a leak free detachable cou-
pling that can withstand significant pressure. The receiving
mechanism 178 may be configured to detachably couple with
the attachment mechanism 176 such that the infusion car-
tridge 112 may be reversibly attached to the housing 124 of
the pump device 114 for fluid delivery. In these embodiments,
the attachment mechanism 176 may include a pneumatic tap
179 having an O-ring 180 or other sealing device. The corre-
sponding receiving mechanism 178 positioned on an end of
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the infusion cartridge 112 may include a port 182 through
which the pneumatic tap 179 may be inserted.

The pneumatic tap 179 may include an inner channel 184
running therethrough. The channel 184 may allow the tap 179
to fluidly connect the inner chamber volume 160 of the infu-
sion cartridge 112 to the pump device 114 once the tap 179 is
inserted through the port. The inner channel 184 of the tap 179
may connect to a pocket 186 of the pump device 114 that may
be filled with a fluid such as air. In some embodiments, the
pocket 186 in the pump may hold approximately 1 mL ofthe
air. When the fluid reservoir of the infusion cartridge may be
filled with 3 mL insulin or other medicament a residual vol-
ume of the inner chamber may exist. This residual volume
may be, for example, 1 mL of air. Upon connection between
the infusion cartridge 112 and the pump device 114, the
residual volume of air within the inner chamber on volume
160 and the air within the pocket 186 may equalize and
equilibrate in both temperature and pressure. The volume of
the pocket 186 and volume 160 of the cartridge may also be in
sealed relation with respect to each other and with respect to
the surrounding environment. Thus, the pressure within vol-
ume 160 will equalize with the pressure in the pocket 186,
thus, the pressure or pressure changes within volume 160 may
be measured by the pressure sensor 158 in the pocket 186.

The pump devices 114 and others described herein may
include a thermistor or other temperature sensor 188 includ-
ing an optical or infrared sensor that measures the tempera-
ture of the insulin or other medicament within the reservoir
126 upon coupling the infusion cartridge 112 with the pump
device 114. Taking the temperature of the air may be impor-
tant in measuring how much insulin or other medicament is in
the fluid reservoir. In some embodiments, the sensor 188 can
be integrated with the attachment mechanism 176. For
example, in the embodiment shown in FIGS. 7A-7B one or
more of the pins of the attachment mechanism may include a
thermistor. In some embodiments shown in FIGS. 9A-14, the
pocket 186 may have a thermistor or other temperature sensor
188 positioned therein such that it can measure the tempera-
ture of the air in the pocket 186 as shown in FIG. 11. The
pocket 186 may also include a pressure sensor 158 coupled to
the controller 168 for measuring pressure within the pocket
186 and volume 160 Because the air in the pocket 186 is in
fluid communication with the residual air within the chamber
160, the temperature and pressure of the air in the infusion
cartridge 112 surrounding the fluid reservoir 126 may be
equal or approximately equal to the temperature and pressure
of the air in contact with the temperature sensor 188 and
pressure sensor 158. In turn, the temperature sensor 188 may
provide a relatively accurate measurement of the temperature
of the insulin or other medicament within the reservoir 126.

In some cases, the infusion cartridge 112 and the pump
device 114 may be reversibly attached to and detached from
each other regardless of the stage of treatment of a particular
infusion cartridge 112 or position of the drive mechanism
150. As best shown in FIGS. 12A-12B, the delivery mecha-
nism 132 of the cartridge may be configured to couple to a
portion of the drive mechanism 150 of the pump device 114.
As described above, the drive mechanism 150 may include a
rack and pinion system. The rack or drive shaft 190 may
couple to the delivery mechanism 132 at one end and the
pinion 192, shown in FIG. 14, at an opposite end. The portion
of the rack 190 that couples to the delivery mechanism 132
may include a ball or capturable feature 194 that inserts into
a coupling element 196 on the delivery mechanism 132. As
the pinion 192 rotates it causes linear motion of the rack 190
towards the delivery mechanism 132. The coupling element
196 of the delivery mechanism 132 may accept the ball fea-
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ture 194 from a lateral side as shown by the arrow 198 in F1G.
12B. The drive mechanism 150 inserts the ball feature 194 in
this manner, for example, upon insertion of a new infusion
cartridge 112 into the pump device 114. In this process, the
rack 190 and ball feature 194 may be in a position that is
rotated back away from the delivery mechanism 132. After
coupling the infusion cartridge 112 within the slot 122, the
pinion 192 rotates such that the rack 190 translates horizon-
tally (laterally) towards the coupling element 196 of the deliv-
ery mechanism 132 and the ball feature 194 inserts through a
bore 200 of the coupling element 196. A flange 202 surround-
ing at least a portion of the bore 200 snaps in place around the
ball feature 194 on the rack 190.

In some embodiments, the ball feature 194 of the rack 190
or drive shaft may attach to the coupling element 196 in at
least two general directions. The coupling element 196 may
be snapped down over the ball feature 194 of the rack 190 in
a lateral direction as shown by the arrow 198 in FIG. 12B as
well as being engaged by the ball feature 194 of the rack 190
in an axial direction or approach as shown by the arrow 204.
The coupling element 196 including the bore or socket 200 of
the spool 156 in addition to having an axially oriented open-
ing to bore 200 also may have a lateral opening to the bore
200. This dual-directional insertion capability may allow for
the infusion cartridge 112 to be removed and re-installed
between pump devices 114, or any other suitable pump device
embodiment such as pump devices 12 and 14, discussed
herein, during a single infusion protocol and without unnec-
essary waste or inaccuracies. For example, when an infusion
cartridge 112 is being used for the first time, the cartridge 112
may be inserted into the pump device 114 by translating it in
a vertical direction down through the slot 122. The rack 190
may be generally in a withdrawn configuration, axially dis-
placed away from the spool 156 of the delivery mechanism
132. Once the cartridge 112 is filled and primed, the rack 190
may be wound or axially advanced by the pinion 192 such that
it translates in an axial direction and the ball feature 194
inserts through the axial opening into the bore 200 as shown
by the arrow in FIG. 12B.

The ball or capturable feature 194 may be axially advanced
until the flange of the coupling element 196 of the spool 156
snaps around the ball feature 194. At any stage during the
infusion protocol, the infusion cartridge 112 may be removed
from the pump device 114. The infusion cartridge 112 may be
slid vertically upwards with respect to the pump housing 124
of the infusion device 110 such that the ball feature 194 exits
the coupling element 196 of the spool 156 of the delivery
mechanism 132 through the lateral opening of the socket 200.
The infusion cartridge 112 may then be re-inserted into
another pump device by sliding it in a vertical direction down-
ward through a slot of another housing until the ball feature
194 inserts through a lateral opening of a coupling element of
the other pump device. The cartridge 112 may be advanced
into the second pump device once again until the flange of the
coupling element 196 snaps down from the top around a ball
feature on the rack of the drive mechanism 150 of the second
pump device.

The delivery mechanism 132 of the infusion cartridge 112
may remain in position providing a patient with the flexibility
of changing pump devices during a single treatment protocol
with a single infusion cartridge 112 regardless of the position
of the drive mechanism 150. The method of switching
between pump devices is described in more detail below.
Although a ball-hitch type of configuration is shown in the
figures, the configuration of the attachment between the rack
190 and the delivery or spool element 156 can vary. For
example, the ball 194 and socket 196 of the embodiment
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shown may be reversed with the socket 196 on the drive shaft
190 and the ball element 194 on the spool or delivery element
156 of the delivery mechanism 132. In addition, the captur-
able element 194 of the detachable coupling may also include
a different shape such as the oval capturable feature 206
shown in FIG. 12C or the triangular capturable feature 208
shown in FIG. 12D.

In some cases, it may be desirable for the ball feature 194
and socket 196 of the coupling element to be configured to
snap or otherwise detachably couple together such that there
is little or no appreciable axial play between the drive shaft
190 of the drive mechanism 150 and the spool 156 of the
delivery mechanism 132. Any of these embodiments or simi-
lar embodiments of capturable features 194 may be used and
detachably captured by a resilient socket or bore 200 in an
axial or lateral direction as discussed above with regard to the
spool embodiment 156. In addition, the pump devices 114
between which the patient is switching may be configured to
communicate and prepare themselves to receive an infusion
cartridge 112 such that the drive mechanism 150 translates to
the appropriate position to maintain consistency in infusion
protocols as will be described in more detail below.

As discussed above, FIGS. 10 and 13 illustrate an embodi-
ment of an alignment mechanism 210 between the pump
device 114 and the infusion cartridge 112. The pump device
114 may have a rail system that includes rails 212 positioned
within the slot 122 that may be received within corresponding
grooves 214 in the infusion cartridge 112. In some embodi-
ments, the rails 212 may be positioned about 90 degrees apart
around the receiving slot 122 that dove-tail or otherwise insert
and capture the grooves 124 on the outer housing or shell 130
of the cartridge 112 such that the cartridge 112 slidably
couples to the pump device 114 such as in a vertical plane or
other plane. The rails 212 and grooves 214 of the rail system
may prevent lateral movement as the delivery mechanism 132
couples with the drive mechanism 150.

For some embodiments, inadvertent lateral movement of
the infusion cartridge 112 and, in turn, lateral movement of
the delivery mechanism 132 relative to the ball feature 194
may result in inadvertent delivery of fluid to the patient 127
upon insertion of the cartridge 112. The rail system shown is
configured to hold the head 216 of the infusion cartridge 112
in a proper and stable position once the delivery mechanism
132 inserts over the ball feature 194. The rails 212 of the rail
system for some embodiments may also have a tapered con-
figuration as shown in cut away illustration of FIG. 13A. As
shown, either or both rails of the rail system 212 shown in
FIG. 13 may have a transverse dimension that flares to a larger
dimension in a direction of engagement so as to provide a
taper locking type arrangement between the rails 212 and
slots 214 of the rail system when fully engaged. The mating
slots 214 ofthe tapered rails 212 may have a matching tapered
configuration.

For some embodiments, the taper or flare angle of the rails
212 and slots 214 may be about 0.5 degrees to about 3
degrees. The outer housing 130 of the infusion cartridge 112
may also have three-dimensional features such as slots, knurl-
ing or any other suitable type of finger grips 218 that may aid
a user during the installation and removal of the cartridge
from the pump device. Some embodiments may also include
a slot (not shown) that bridges the structure of the cartridge
112 and pump housing that is configured to allow a coin to be
inserted into the slot and twisted to leverage the disengage-
ment of the cartridge 112 from the pump housing. Typically,
both halves of the slot would be aligned when the cartridge is
fully engaged with the pump 114. In some cases, the rail
system or slot of the pump housing generally may be config-
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ured to couple the cartridge to the pump with the top or head
of'the cartridge in a transversely fixed or secured arrangement
to prevent any unwanted displacement between the delivery
mechanism 132 and the drive mechanism 150. The coupling
between the cartridge 112 and pump 114 at the attachment
mechanism end may be configured to allow for some trans-
verse play between the cartridge and the pump housing. The
play between the cartridge and the pump may allow the
attachment mechanism and receiving mechanism to be self-
aligning.

A possible advantage of some system embodiments dis-
cussed herein may be that the infusion cartridge 112 even
after being inserted within a receiving slot 122 of a first pump
device 114 can be removed and re-inserted into the receiving
slot of a second pump device without resetting the second
pump device. In some cases, the spool 156 of the delivery
mechanism 132 of the infusion cartridge 112 maintains its
axial position and air is not pulled into the pump chamber or
fluid dispensed during the change. Further, in some cases, the
first and second pump devices 114 involved in the transfer for
switch of the cartridge 112 from one pump 114 to another
may be configured to communicate either directly or wire-
lessly with each other. Such communication between pumps
114 or controllers 168 thereof may allow the position of the
drive mechanism 150 of the second pump to be set to the
position of the first pump 114 at the time the infusion car-
tridge 112 was removed thus, providing seamless inter-
changeability during a single infusion protocol. In addition,
after being inserted within a receiving slot of a given pump
device, the infusion cartridge 112 can be removed and re-
inserted into the same receiving slot of that pump device
without resetting the pump device. In this way, system
embodiments are contemplated wherein the infusion car-
tridge 112 (a) is interchangeable between and/or among one
or more different pump devices without those pump devices
having to be reset, and which pump devices may be identical
or different in any of their features, sizes, and functionalities,
and (b) may be removed from and re-inserted into a receiving
slot on a single given pump device without resetting the given
pump. Such a transfer with communication between pumps
114, and other pump embodiments, allows the transfer to be
made without changing the axial position of the spool 156 of
the delivery mechanism 132 relative to the various ports of the
delivery mechanism 132. For some embodiments, the socket
or bore 200 of the coupling element 196 of the spool 156 may
be configured to be self-centering such that the ball or cap-
turable element 194 of the drive shaft 190 will be engaged and
snapped into place even if the axial alignment of the ball
element 194 and socket 196 are not perfectly aligned at the
time of insertion or engagement.

In some cases, a new infusion cartridge 112 may be
removed from its sterile packaging and inserted into the
receiving slot of a first pump device 114. The attachment
mechanism 176 of the first pump device 114 may couple with
the receiving mechanism 178 of the infusion cartridge 112.
The drive mechanism 150 at this stage may remain physically
unconnected to the delivery mechanism 132. Once the car-
tridge 112 is secured to the pump 114, a patient 127 can fill the
infusion cartridge 112 with insulin or other suitable medica-
ment using a syringe having a hypodermic needle 222
inserted through a septum 136 of the fill port 134 (see, for
example, FIG. 14). The pressure inside a vented volume 160
of the infusion cartridge 112 increases and is directly related
to how much fluid was added to the fluid reservoir 126. For
one example, if 3 ml of fluid is added to a fluid reservoir
embodiment 126, the pressure inside the vented volume 160
of'the infusion cartridge 112 may increase from about O psito
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approximately 22 psi, depending on the volume of the vented
volume 160. The septum 136 is configured to conform around
the needle 222 and provide a resilient seal around an outer
surface of the needle 222. The septum may have a thickness of
about 0.05 inches to about 0.15 inches, more specifically,
about 0.08 inches to about 0.1 inches, and may be made from
an elastic resilient material such as silicone rubber having a
shore hardness of about 45 A to about 55 A.

The pressure increase of 22 psi may then be used by the
controller to determine the amount of insulin or other medi-
cament or fluid that has been put into the reservoir 126.
Pressure change measurements may also be used to measure
an amount or amounts of fluid dispensed from the reservoir
126. Other means of measuring fluid volumes or changes of
fluid volumes may also be useful in some embodiments. In
some cases, methods and devices for determination of a fluid
volume as used in any suitable application discussed herein
may include acoustic sensors, including a loud speaker and
one or more microphones which may be used for acoustic
volume determination, optical devices, capacitive measure-
ment devices, deflection measurement methods, thermal time
of flight methods or any other suitable methods. The change
in pressure in the system may be used to determine the vol-
ume of fluid added or dispensed from the reservoir by means
of a ideal gas law calculation. If the volume of the system is
known, i.e., the volume of the pocket 186 and volume of the
shell 130 are known, then the ideal gas law equation PV=nRT
where P is pressure, V is volume, T is temperature and n and
R are constants, may be used to calculate changes in volume
based on changes in pressure assuming the temperature is
also known. The temperature of the gas within the cartridge
may be measured by a temperature sensor within the pocket
186 such that when fluid is added or dispensed from the
reservoir, the pressure sensor will measure a change in pres-
sure. The change in pressure is then used to calculate the
change in volume that caused the pressure change. This
method of volume measurement, as well as the other methods
discussed above, may be used as a redundancy check on
electrical volume measurements, error detection within the
pump system 110 or components thereof, or any other suit-
able purpose. The use of the ideal gas law for volume mea-
surement may also be useful for dispensing fluids, including
medicaments such as insulin or any other suitable medica-
ment or material, without directly contacting the fluid.

The pressure inside the infusion cartridge 112, and particu-
larly the vented volume 160 of the infusion cartridge 112,
may be measured by a pressure sensor 158 disposed in the
infusion cartridge 112 or in the pump device 114 in a volume,
such as pocket 186. Pocket 186 is an interior volume disposed
within the pump device 114 and in fluid communication with
an interior volume of the fluid cartridge 112. The pocket 186
is in sealed relation with the interior volume 160 of the car-
tridge. As such, a pressure sensor 158 disposed within the
volume of' the pocket 186 will read the pressure of the volume
160 in the cartridge, but can remain with the pump device 114
after disposal of the disposable cartridge 112. This configu-
ration lowers the cost of the cartridge while providing the
means of pressure measurement within the cartridge 112. In
some embodiments, data from the pressure sensor 158 may be
used to provide a measurement of how much insulin or other
medicament is being delivered by the first pump device 114.

Once the infusion cartridge 112 is filled, the drive mecha-
nism 150 of the first pump device 114 may then connect to the
delivery element or spool 156 of the infusion cartridge 112.
For example as in FIGS. 12A-12B, the pinion 192 (not
shown) can drive the rack or drive shaft 190 in an axial
direction until the ball feature 194 applies an axial force
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against the coupling element 196 and moves the spool 156 in
a distal direction until reaching a hard stop 226. The drive
shaft 190 may then be advanced further distally in an axial
direction until the ball element 194 enters the axial socket or
coupling element 196 ofthe spool 156 and snaps into the bore
200 of the delivery element or spool 156. The controller 168
of'the first pump device 114 may then transmit instructions to
the motor 152 of the delivery mechanism 132 which may be
configured to perform a priming protocol.

The priming protocol may be used to prepare the infusion
cartridge 112 and the first pump device 114 for delivery of a
desired fluid to a patient 127. The patient 127 can input
externally supplied values into the user interface 116 of the
first pump device 114. The user interface 116 may receive the
user input data and communicate that data to the processor
170 of the controller 168. For some embodiments, the con-
troller 168 may be programmed or otherwise configured to
generate an estimate of an amount of the insulin or other
medicament to be delivered to the patient 127 as either a
baseline, bolus or any other suitable type of fluid delivery
regimen. The controller 168 may then communicate the esti-
mate to the display 230 for patient evaluation. The first pump
device 114 may then deliver an approved quantity of medi-
cament to the patient 127 according to the selected protocol.
The user input data may include one or more of a blood
glucose level, a stress level, a physiological condition, a com-
plexity of a meal to be ingested, an activity level, user history,
and the like.

At any stage during an infusion protocol, the patient 127
may slide the infusion cartridge 112 vertically through the
slot 122 up away from the attachment mechanism 176 of the
first pump device 114. In some cases it may be desirable for
the patient 127 to enter data into the interface of the first pump
114 which is indicative that the cartridge 112 is going to be
removed from the pump 114. As discussed above, the con-
troller 168 of the first pump 114 may use this data to configure
the position of the spool 156 of the delivery mechanism 132
of'the first pump 114 or communicate information regarding
the position of the spool 156 of the first pump 114 to the
controller 168 of the second pump. In this way, the controller
168 of the second pump may use this information to configure
the drive shaft 190 of the drive mechanism 150 to facilitate
engagement of the cartridge 112 with the second pump. The
controller 168 may also be configured to halt an ongoing
delivery protocol including any axial advancement or cycling
of the delivery element 156 at this time to avoid removal of
cartridge 112 during delivery of fluid to the patient 127.

During removal of the cartridge 112 from the first pump
114, the ball feature 194 on the rack or drive shaft 190 may
snap through the lateral opening in the coupling element 196
until the delivery mechanism 132 of the cartridge 112 is free
of the drive mechanism 150 of the first pump 114. The
removal of the infusion cartridge 112 from the first pump
device 114 may require a certain degree of force imparted by
the patient 127 such that inadvertent removal or uncoupling
of the infusion cartridge 112 from the pump device 114 is
avoided. The finger grips 218 or other three-dimensional fea-
ture on the outer housing 130 of the infusion cartridge 112
may aid a patient 127 in the removal of a cartridge 112 from
the pump device 114. As discussed above, once the attach-
ment and receiving mechanisms 176 and 178 are uncoupled,
the first pump device 114 may send a signal to the second
pump device such that the second pump device may configure
itself in preparation for receiving the infusion cartridge 112.
Such a signal may be a radiofrequency signal, for example. In
some embodiments, the drive shaft 190 of the drive mecha-
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nism 150 of the second pump device may be adjusted in an
axial direction in accordance with the data sent by the first
pump 114.

In some cases, the axial position of the drive shaft 190 of
the second pump may be adjusted to the proper position such
that when the infusion cartridge 112 is inserted into the slot of
the second pump device the ball feature 194 of the rack 190
may be directly inserted through the lateral opening on the
coupling element 196 without causing axial displacement of
the coupling element 196. The coupling element 196 then
snaps over the ball 194 in a top-down direction. In some
embodiments, rather than adjusting the rack 190 to match an
axial position of the rack 190 of the first pump, the rack 190
of'the second pump may instead be fully proximally retracted
upon the initiation of a transfer process. In such a process, the
infusion cartridge 112 may be inserted into the slot 122 of the
second pump without any mechanical engagement between
the coupling element 196 of the delivery mechanism 132 or
the ball 194 of the drive mechanism 150.

Once the cartridge 112 is engaged with the pump 114, the
controller 168 may then instruct the drive shaft or rack 190 of
the drive mechanism 150 to advance in a distal direction until
pushing the spool 156 of the delivery mechanism 132 to a
hard stop 226 within the bore 220. Once the spool 156 is upon
the hard stop 226, further axial advancement of the drive shaft
190 in a distal direction will force the ball feature 194 of the
drive shaft 190 into the socket 196 of the spool or delivery
element 156 until it snaps into place and is mechanically
captured by the socket 196. If a glucose meter 20 is being
stored within the slot 122 of the second pump device, it may
be removed prior to inserting the infusion cartridge 112 into
the slot 122 and replaced into the slot 122 of the first pump
device 114.

The patient’s infusion set 125 may remain connected to the
infusion cartridge 112 via the set connector 232 during trans-
fer between the first and second pump devices. The sterility of
the infusion cartridge 112 and the infusion set 125 is main-
tained regardless of how many times the infusion cartridge
112 is removed and re-inserted into a pump device 114.
Neither the drive mechanism 150 nor the attachment mecha-
nism 132 of the pump devices 114 breaks the sterile field of
the fluid reservoir 126. Similarly, connection between the
pneumatic tap 179 and the port 182 of the receiving element
does not break the sterile field of the fluid reservoir 126. The
insulin or other medicament is contained within the fluid
reservoir 126 which may be a closed sterile environment that
is not broken or exposed during repeated installations
between the first and second pump devices 114.

Referring to FIGS. 14-17, the embodiment of the delivery
mechanism 132 shown in FIG. 12A is shown in a fluid deliv-
ery cycle sequence wherein fluid from the interior volume of
the reservoir 126 is drawn into the bore 220 of the delivery
mechanism 132 and dispensed from the dispense outlet port
142. The dispense cycle embodiment shown in FIGS. 14-17
illustrates a dispense cycle without a venting of the vented
volume 160 of the infusion cartridge 112 of the pump system
110. FIG. 18 shows an optional venting step wherein a vent
second volume 246 of the delivery mechanism 132 is dis-
posed in communication with a vent inlet port 146 and a vent
outlet port 148 of the delivery mechanism 132. The dispense
and vent method embodiments discussed herein may also be
combined with one or more methods and devices for measur-
ing and/or confirming a volume of fluid dispensed or flow
from a delivery mechanism 132. Venting of the volume of the
shell 130 surrounding the reservoir may be useful in order to
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prevent pressure build up of the fluid in the reservoir 126
which might then force fluid 121 past seals of the system to a
patient 127.

Such devices and methods for measuring and/or confirm-
ing a volume of material dispensed and the like from a deliv-
ery mechanism 132 or flow metering device are discussed in
co-pending, commonly owned U.S. patent application Ser.
No. 12/714,299, filed Feb. 26, 2010, by M. Rosinko et al.,
titled Methods and Devices for Determination of Flow Res-
ervoir Volume, which is incorporate by reference herein in its
entirety. The methods and devices discussed therein include
measuring a pressure increase in a vented volume of a fluid
reservoir cartridge between the rigid shell and flexible mem-
brane of the fluid reservoir as discussed herein. Such pressure
measurements may be used to determine or confirm an
amount of fluid dispensed, as well as detect malfunctions in
the components of a delivery mechanism 132 or drive mecha-
nism 150 of a pump system 110.

Other methods and devices used for calculating and mea-
suring flow volumes dispensed are discussed in U.S. patent
and patent application Nos. 7,008,403, filed on Jul. 19, 2002,
by Scott Mallett, titled Infusion Pump and Method for Use,
U.S. Pat. No. 7,341,581, filed on Jan. 27, 2006, by Scott
Mallet, titled Infusion Pump and Method for Use, U.S. Pat.
No. 7,374,556, filed on Jan. 31, 2006, by Scott Mallett, titled
Infusion Pump and Method for Use, 2007/0264130, filed on
May 4, 2007, by Scott Mallett, titled Infusion Pumps and
Method for Use, and 2009/0191067, filed on Jan. 25, 2008, by
Paul DiPerna, titled Two Chamber Pumps and Related Meth-
ods, which are all incorporated by reference herein in their
entirety. Some embodiments discussed in these references
include the use of the ideal gas law or Boyle’s law, for deter-
mination of a volume of material dispensed from a device 110
or reservoir 126 thereof. Such methods and devices may be
used in conjunction with or as part of suitable embodiments
10 or 110 discussed herein.

Referring again to FIG. 14, a portion of the fluid reservoir
cartridge 112 including a delivery mechanism 132 illustrated
in FIG. 12A is shown in section as well as a portion of a drive
mechanism 150 of an infusion pump. The disposable fluid
cartridge 112 includes the delivery mechanism 132 which has
a delivery mechanism body 236 and a bore 220 disposed in
the delivery mechanism body 236. The bore 220, which may
have a substantially round transverse cross section as shown
in FIG. 14A, includes a distal end 238, a proximal end 240
disposed towards the drive mechanism 150 of the infusion
pump 114, an interior volume 242, a reservoir inlet port 138,
afluid dispense port 142, a vent inlet port 146 and a vent outlet
port 148. The spool 156, which may also have a substantially
round transverse cross section, is slidingly disposed within
the bore 220 and forms a collapsible first volume 244 and a
vent second volume 246 with the bore 220.

The collapsible first volume 244 of the delivery mechanism
132 may be positionable to overlap the reservoir inlet port 138
independent of an overlap of the fluid dispense port 142. The
collapsible first volume 244 may be formed between a first
seal 248 around the spool 156, a second seal 250 around the
spool, an outer surface of the spool body between the first and
second seal 250 and an interior surface 252 of the bore 220
between the first and second seal 248 and 250. The first and
second seals 248 and 250 are axially moveable relative to
each other so as to increase a volume of the collapsible vol-
ume 244 when the first and second seals 248 and 250 are
moved away from each other and decrease the collapsible
volume 244 when the seals 248 and 250 are moved closer
together.
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The second seal 250 is disposed on a main section 254 of
the spool 156 of the delivery mechanism 132 and moves in
conjunction with movement of the rest of the spool. A proxi-
mal end 256 of the spool 156 is coupled to a ball portion 194
of a drive shaft 190 of the drive mechanism 150 of the pump
device 114. The drive mechanism 150 includes a rack and
pinion mechanism actuated by an electric motor 152 through
a gear box 154. As such, the second seal 250 moves or trans-
lates axially in step with axial translation of the spool 156 and
drive shaft 190. The first seal 248, however, is disposed on a
distal section 258 of the spool 156 which is axially displace-
able with respect to the main section 254 of the spool 156. The
distal section of the spool 156 is coupled to the main section
of the spool by an axial extension 260 that is mechanically
captured by a cavity 261 in the main section 254 of the spool
156. This configuration allows a predetermined amount of
relative free axial movement between the distal section 258 of
the spool and the nominal main section 254 of the spool 156.

For some embodiments, a volume of a “bucket” of fluid
dispensed by a complete and full dispense cycle of the spool
156 may be approximately equal to the cross section area of
the bore 220 multiplied by the length of displacement of the
captured axial extension of the spool 156 for the distal section
258. The complete bucket of fluid may also be dispensed in
smaller sub-volumes in increments as small as a resolution of
the drive mechanism 150 allows. For some embodiments, a
dispense volume or bucket defined by the complete collaps-
ible volume 244 of the delivery mechanism 132 may be
divided into about 10 to about 100 sub-volumes to be deliv-
ered or dispensed. In some cases, the maximum axial dis-
placement between the distal section and main section of the
spool may be about 0.01 inch to about 0.04 inch, more spe-
cifically, about 0.018 inch, to about 0.022 inch.

For some embodiments, the bore 220 of the delivery
mechanism may have a transverse dimension or diameter of
about 0.04 inches to about 0.5 inches, more specifically, about
0.08 inches to about 0.15 inches. For some embodiments, the
spool 156 may have a length of about 10 mm to about 40 mm,
more specifically, about 15 mm to about 20 mm. The spool
156 and housing of the delivery mechanism 132 may be made
from any suitable material or materials including polymers or
plastics such as polycarbonate, PEEK, thermoplastics, cyclic
olefin copolymer, and the like. In some cases, the seals dis-
posed on the spool may have an outer transverse dimension or
diameter that is slightly larger than that of the spool 156. In
some instances, the seals on the spool may have an axial
thickness of about 0.01 inches to about 0.03 inches and may
be made from materials such as butyl, silicone, polyurethanes
or the like having a shore hardness of about 65 A to about 75
A, more specifically, about 70 A.

In some instances, a vent second volume 246 of the deliv-
ery mechanism 132 may be formed by the spool 156 and bore
220 of the delivery mechanism 132. For some embodiments,
the vent second volume 246 may be formed by a third seal 262
disposed around the spool 156 and a fourth seal 264 also
disposed around the spool and axially separated from the
third seal 262. The axial separation between the third and
fourth seals 262 and 264 forming the vent second volume 246
may be greater than the axial separation between the vent inlet
port 146 and vent outlet port 148 of the bore 220 in some
instances. The vent second volume 246 is also formed by an
outside surface 266 of the spool 156 between the third and
fourth seal 262 and 264 and an inside surface 252 of the bore
220 between the third and fourth seal 262 and 264.

The vent second volume 246 may be axially displaceable
with the movement of the spool 156 and may also be posi-
tionable by such axial displacement in order to simulta-
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neously overlap the vent second volume 246 with the vent
inlet port 146 and vent outlet port 148 of the bore 220. Such
an overlap of both the vent inlet port 146 and vent outlet port
148 puts these ports in fluid communication with each other
and allows an equilibration of pressure between the vented
volume 160 of the reservoir cartridge 112 and the environ-
ment surrounding the vent outlet port 148. In most cases, the
vent outlet port 148 will be in communication with the atmo-
sphere and air will pass from the environment surrounding the
vent outlet port 148, through the vent second volume 246 of
the bore 220 and into the vent volume 160 to replace the fluid
dispensed subsequent to the last vent cycle. When the vent
inlet port 146 and vent outlet port 148 do not share a common
volume formed by the spool and bore of the delivery mecha-
nism 132, they are typically isolated and no venting of the
vented volume takes place.

A collapsible fluid reservoir 126 of the infusion cartridge
112 shown in FIG. 14 may be bounded by or disposed within
aflexible membrane or layer 128. The fluid reservoir 126 may
include an interior volume 140 in fluid communication with
the reservoir inlet port 138 of the bore 220 of the delivery
mechanism 132. A top portion of the flexible membrane or
layer 128 may be clamped or otherwise sealed to an extension
or boss 268 of the reservoir inlet port 138 that extends into the
cartridge 112. In this configuration, the interior volume 140 of
the collapsible fluid reservoir 126 may be isolated or sealed
from the surrounding environment except for the reservoir
inlet port 138 which is in fluid communication with the bore
220 ofthe delivery mechanism 132. A substantially rigid shell
130 may be disposed about the collapsible fluid reservoir with
an interior volume that contains the collapsible fluid reser-
voir. The vented volume 160 of the cartridge 112 is disposed
between an outer surface 162 of the flexible membrane 128
and an interior surface 164 of the rigid shell 130. The vent
inlet port 146 is in fluid communication with the vented
volume 160 and the bore 220 of the delivery mechanism 132.
The vent inlet port 146 is disposed proximally of the reservoir
inlet port 138 for the embodiment of the delivery mechanism
132 shown.

In operation, the spool 156 and the particular volumes
formed between the spool 156, the bore 220 and the circum-
ferential seals 248, 250, 262 and 264 disposed on the spool of
the delivery mechanism 132 are typically translated in a
proximal and distal direction in order to move the volumes
into and out of communication with the various ports of the
bore 220. This axial movement in alternating proximal and
distal directions of the spool 156 within the bore 220 may be
used to put the various ports in fluid communication with
translatable volumes of the delivery mechanism 132 and
other ports of the mechanism. For reliable operation, it may
be desirable in some circumstances for the spool 156 and the
circumferential seals 248, 250, 262 and 264 disposed about
the spool 156 to move smoothly within the bore 220 of the
delivery mechanism 132 while maintaining a seal between an
outside surface 266 of the spool 156 and an inside surface 252
of'the bore. It may also be desirable for the seals 248, 250,262
and 264 disposed on the spool 156 to move axially back and
forth within the bore 220 while maintaining a seal and with a
minimum of friction. Achieving these features of the spool
156 may be facilitated with the use of particular seal configu-
rations or gland configurations used to house the seals of the
spool embodiments.

Referring to FIG. 14C, a specialized seal gland 270 is
shown that may be used to form a dynamic seal between the
spool 156 and bore 220 of the delivery mechanism 132 using
an o-ring type seal. The gland may be useful for achieving
positive displacement in an infusion pump delivery mecha-
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nism 132. Such a gland configuration may be particularly
useful in achieving a reliable seal while accommodating vari-
ous manufacturing tolerances of a bore 220, a spool 156 and
seals 248, 250, 262 and 264 such as o-ring type seals, quad
ring type seals or any other suitable type of seal that may be
used in a circumferential groove of a spool 156 or the like. The
configuration shown may also be useful for minimizing the
effects of static friction and seal compliance on dispense
volume error by minimizing seal width and minimizing vari-
ability due to the manufacturing tolerances ofthe components
of the delivery mechanism 132. The configuration may
achieves some or all of these benefits by utilizing a gland 270
that includes a seal contact surface that may include angled
edges and an overflow channel.

The angled surfaces or edges may be configured to com-
press an o-ring semi-axially and rely on the elastic memory of
the seal or o-ring material to create a dynamic seal. The
angled surfaces or any other suitable configuration may pro-
vide both axial stability of the seal as well as outward radial
support of the seal to provide positive and sealing contact with
an inside surface of the bore or any other appropriate sealing
surface. The mixed radial and axial support provided by the
angles edges or surfaces may also be useful for allowing
substantially equal distribution of tension of the seal around
the gland which may also provide a centering function of the
body of the seal with respect to a longitudinal axis of the spool
or other sealed element. The o-ring or seal may be sealed
around at least one of the angled edges or surfaces and an
inside surface of the bore 220 to prevent an axial flow of fluid
past the seal. The overflow channel provides a volume of the
gland adjacent the seal that accommodates a flow of excess
seal material when the seal is compressed between two ele-
ments. A typical grooved gland used for o-ring type seals may
force a flow or overtlow of seal material into the gap between
the two sealed elements resulting in excessive or inconsistent
friction or stiction between the elements. The overflow chan-
nel provides a volume for the excess seal material to flow into
instead of a gap between sealed surfaces. The gland embodi-
ment shown in FIG. 14C may be used for any suitable seal
embodiment discussed herein including seals 248, 250, 262
and 264. The gland may be useful for providing a reliable seal
between the spool 156 and bore 220 with consistent frictional
resistance between these elements while accommodating a
significant variation or tolerance in the sizes of the compo-
nents. The configuration of the gland 270 may also aid in the
assembly of the o-ring type seal with the spool 156 as the
angled surfaces or edges of the gland 270 tend to have a
centering influence on the seal being inserted into the gland
270. A seal disposed in a gland such as gland 270 also tends
to have a good axial stability without flowing into the gap
between sealed surfaces. For infusion pumps such as pump
system 110, the stable axial position of the seal with respect to
the spool provides for more accurate metering of fluid being
dispensed as well as more consistent friction or resistance
between the spool 156 and bore 220.

FIG. 14C shows an o-ring seal including a gland 270 for
seating an o-ring 272. The gland 270 has an outer circumfer-
ential groove 274 extending circumferentially around a lon-
gitudinal axis of a cylindrical body of the spool 156 of the
delivery mechanism 132. The circumferential groove 274
may include an angled first edge 276 or surface and an angled
second edge 278 or surface opposite the angled first edge 276.
An inner overflow channel 280 may be disposed below the
angled channel 274 formed by the angled first and second
edges or surfaces 276 and 278. An o-ring embodiment 272 is
disposed in the gland 270 with a first circumferential band
282 of the o-ring 272 resting on the first angled edge 276 and
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asecond circumferential band 284 ofthe o-ring 272 resting on
the second angled edge 278 of the angled channel 274 of the
gland. The o-ring 272 is also shown in FIG. 14C resting above
the overflow channel 280 with the o-ring 272 in a substan-
tially uncompressed state. For the embodiment shown, the
overflow channel 280 provides a circumferential volume in
the gland 270 for the material of the o-ring 272 to flow into
rather than exert excessive force against an inside surface of
the bore 220 if the o-ring 272 has a particularly large section
for the application, the bore 220 is at a small end of the
tolerance specification or the like. The overflow channel 280
and angled channel 274 configuration of the gland 270 are
configured to accommodate tolerance variations in the com-
ponents of the spool 156, bore 220 and seals 248,250,262 and
264 of the delivery mechanism 132.

For some gland embodiments 270, the angled first and
second edges 276 and 278 may form a total inclusive angle
with each other of about 20 degrees to about 60 degrees, as
indicated by the arrow 286 in FIG. 14C. For the embodiment
shown, an outer surface 288 of the o-ring 272 rests above a
nominal outer surface 266 of the cylindrical body of the spool
156 and does not extend substantially into the overflow chan-
nel 280 when the o-ring 272 is in an uncompressed state.
However, a center 290 of the seal element cross section of the
o-ring 272 is disposed below the nominal outer surface 266 of
the cylindrical body ofthe spool 156 when the o-ring 272 is in
a substantially uncompressed state. For the embodiment
shown, the overflow channel 280 of the gland 270 has a
substantially straight-walled configuration. The gland
embodiment 292 shown in FIG. 14D includes an outer cir-
cumferential groove 294 having a radius 296 on a first edge
298 and a radius 300 on a second edge 302. An overtlow
channel 304 is disposed below the first radiused edge 298 and
second radiused edge 302. The overflow channel 304 shown
in FIG. 14D also has a substantially straight-walled configu-
ration. The gland embodiments of 220 and 292 FIGS. 14C
and 14D each have first and second edges that provide a
combination of axial and radial support to the outer surface
288 of the o-ring 272 disposed in the gland 270 or 292. The
o-ring is disposed in these gland embodiments 270 and 292
with an outer surface 288 of the o-ring 272 disposed above the
nominal surface 266 of the spool 156 or other sealed structure
within with the gland is being utilized. For some such gland
embodiments 270 or 292, the volumetric percent gland fill
may be about 70 percent to about 90 percent where the volu-
metric percent gland fill is the volume of an o-ring 272 to be
used in a particular gland 270 or 292 divided by the volume of
the gland 270 or 292 as a whole.

Some gland embodiments, such as the gland 306 shown in
FIG. 14E, utilize only axial compression or support of the
o-ring disposed in the gland 306 and would essentially have a
total angle of the groove of up to about 5 degrees, more
specifically, about 0 degrees to about 3 degrees. Such a gland
306 may be configured as a straight-walled groove 308 that
may be sized to have a volumetric percent gland fill similar to
that of the embodiments of FIGS. 14C and 14D discussed
above. Such a gland embodiment 306 may also be configured
to provide a predetermined amount of axial compression on
the o-ring 272. For some such embodiments, the percent
compression of the o-ring 272/gland seal 306 may be about 60
percent to about 85 percent where the percent compression is
determined by the width of the groove 308 of the gland 306
divided by the thickness of the o-ring 272 of the seal. For any
of the gland embodiments discussed above, there is a prede-
termined percentage of axial support or compression of the
o-ring 272 and a useable overflow channel component of the
gland.
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In use, referring again to FIG. 14, once the reservoir car-
tridge 112 ofthe infusion pump system 110 has been installed
or otherwise snapped into place in the slot 122 of the pump
device 114, the interior volume 140 of the collapsible reser-
voir 126 may then be filled with a desired fluid 121 for
dispensing. In order to fill the reservoir 126, the spool 156
may be translated by the drive mechanism 150 to a hard stop
position 226 as shown in FIG. 14. In the hard stop position
226 the first seal 248 is disposed proximally of a relief port
310, the relief port 310 being disposed in fluid communica-
tion between a distal end 238 of the bore 220 and the reservoir
volume 140. In the hard stop position, the first seal 248 is also
disposed distally of the reservoir inlet port 138. In the hard
stop position, a distal end 316 of the spool 156 is contacting a
distal end 238 or shoulder portion 312 of the distal end 238 of
the bore 220 to prevent any further distal displacement of the
spool 156.

A reservoir fill port 134 is disposed on a top portion of the
bore 220 substantially opposite the bore 220 of the reservoir
inlet port 138. With the spool 156 and seals 248, 250, 262 and
264 thereof so positioned, a patient may then obtain an
amount of a desired fluid to be dispensed. In some cases, if the
desired fluid to be dispensed is insulin or other suitable medi-
cament, the patient 127 typically stores the insulin in a refrig-
erated glass container. The insulin is then accessed with a
hypodermic needle 222 of a syringe device and drawn into an
interior volume of the syringe (not shown). The tip of the
hypodermic needle 222 of the syringe may then be pushed
through a septum membrane 136 that seals the reservoir fill
port 134 as shown and fluid manually dispensed from the
interior volume of the syringe, through the hypodermic
needle 222, through a bubble trap volume 314 in the bore 220
of the delivery mechanism 132 and into the interior volume
140 of the collapsible reservoir 126 of the cartridge 112 as
shown by the arrow 318 in FIG. 14.

As discussed above with regard to other embodiments of
the delivery mechanism 132, the vented volume 160 of the
cartridge 112 disposed between an outside surface 162 of the
flexible membrane 128 of the collapsible reservoir 126 and an
inside surface 164 of the rigid shell 130 may include or be in
operative communication with a pressure sensor 158 (not
shown). The pressure sensor 158 may be used to monitor the
pressure within the vented volume 160 during the filling of
the collapsible reservoir 126. The controller 168 of the pump
system 114 may be programmed with information regarding
the fixed volume of the rigid shell 130 of the cartridge 112 and
configured to calculate the volume of fluid loaded into the
collapsible reservoir 126 based on the pressure rise within the
rigid shell 130 upon filling of the collapsible reservoir 126.
The data regarding the volume of fluid loaded into the col-
lapsible reservoir 126 may be stored and used to calculate and
display data later in the use cycle such as fluid remaining in
the collapsible reservoir 126 and the like.

Once the collapsible reservoir 126 contains a desired
amount ofa fluid 121 to be dispensed, a dispense cycle may be
initiated by driving the spool 156 with the drive mechanism
150 based on commands from a controller 168 of the pump
device to a position with the collapsible first volume 244 in
communication with the reservoir inlet port 138. The had stop
position shown in FIG. 14 is such a position. If the spool 156
has been driven to this hard stop position 226 in a distal
direction from previous proximal position, the friction gen-
erated between the first seal 248 of the spool 156 and the
inside surface 252 of the bore 220 will have collapsed the
collapsible volume 244 of the delivery mechanism 132 with
the first seal 248 and second seal 250 in a least axially sepa-
rated state. In this state, the collapsible volume 244 has a
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minimum volume. Such a state of the delivery mechanism
132 is shown in FIG. 14. Once in this pre-fill position, the
spool 156 may then be driven so as to axially separate the first
and second seals 248 and 250 (and the main section 254 ofthe
spool 156 and distal section 258 of the spool 156) of the
collapsible first volume 244 and draw fluid into the first
volume 244 through the reservoir inlet port 138 from the
reservoir 126 as shown by the arrow 320 in FIG. 15. As the
fluid 121 is drawn into the collapsible volume 244, the pres-
sure within the vented volume 160 decreases. As previously
discussed, this drop in pressure may be used in accordance
with the ideal gas law to determine the amount of material
taken from the collapsible reservoir 126. An unexpected read-
ing based on the magnitude of the translation of the main
section 254 of the spool 156 may also be used to detect a
failure of a portion of the delivery mechanism 132 in some
cases.

The collapsible volume 244 of the delivery mechanism 132
may be completely filled by proximally retracting the main
section 254 and second seal 250 of the spool 156 relative to
the first seal 248 and distal section 258 of the spool 156 as
shown by arrow 322 on spool 156 in FIG. 15A. Once filled,
the spool 156 may then be driven in a proximal direction as
shown in FIG. 15B wherein there are two seals 248 and 250
disposed in the bore 220 between the reservoir inlet port 138
and relief port 310 and the dispense port 142. As shown by
arrow 22 and arrow 324 in FIG. 15B, both the main section
254 and distal section 258 of the spool 156 are proximally
retracted together. The captured axial extension of the distal
section 258 by the main section 254 pulls the distal section
alone without axial displacement between the main section
254 and distal section 258 of the spool 156. The dispense port
may be in fluid communication with a subcutaneous portion
of a patient’s body 127 as shown in FIGS. 9D and 9E. The
delivery mechanism 132 configuration illustrated in FIGS.
14-18 always includes at least one seal 248 or 250 disposed in
the bore 220 between the reservoir volume 140, material 121
disposed therein and reservoir inlet port 138, on the one hand,
and the dispense port 142, on the other hand, in order to
prevent a free flow condition wherein the material 121 in the
reservoir 126 is in uninterrupted communication with the
patient’s body 127.

Oncefilled, the spool 156 and filled collapsible volume 244
may be proximally displaced with the drive mechanism 150
to a position with the collapsible first volume 244 in commu-
nication with the fluid dispense port 142 of the bore 220 as
shown in FIG. 16. In the configuration shown in FIG. 16, the
collapsible first volume 244 of the delivery mechanism 132 is
in fluid communication with the fluid dispense port 142, but
the vent second volume 246 is only in fluid communication
with the vent inlet port 146 and not the vent outlet port 148.
Thus, in the position shown, the spool 156 of the delivery
mechanism 132 is configured to dispense the fluid 121 in the
collapsible volume 244 without venting of the vented volume
160 of the cartridge 112. This arrangement allows one or
more dispense cycles to be carried out independent of venting
of the vented volume 160.

Once the spool 156 is positioned as shown in FIG. 16, the
main section of the spool 156 may then be axially driven in a
distal direction by the drive mechanism 150 with the distal
section 258 of the spool remaining stationary or substantially
stationary. This axial distal movement of the main section 254
as indicated by arrow 326 on the spool 156 shown in FIG. 17,
serves to at least partially collapse the collapsible first volume
244. Collapsing the first volume 244 of the delivery mecha-
nism 132 dispenses fluid from the collapsible first volume 244
through the fluid dispense port 142 as shown by the arrow 328
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in FIG. 17. For some embodiments, the axial distance of the
translation between the first seal 248 and second seal 250 may
be about 0.015 inches to about 0.025 inches. In some
instances, the bore 220 may have an inner transverse dimen-
sion or diameter of about 0.10 inches to about 0.20 inches.

After filling of the collapsible volume 244 of the delivery
mechanism 132 as shown in FIG. 16, if venting of the vented
volume 160 is desired, the spool 156 may be driven by the
drive mechanism 150 to a position with the vent second
volume 246 in simultaneous communication with the inlet
vent port 146 and vent outlet port 148 as shown in FIG. 18.
This arrangement allows the vented volume 160 of the reser-
voir cartridge 112 to vent as shown by the arrow 330 in FIG.
18. In such circumstances, the vent second volume 246
arrives at the same pressure as the vent outlet port 148 and
vented volume 160. In some instances, the vent outlet port
148 may be at ambient atmospheric pressure and the vented
volume 160 is brought to ambient atmospheric pressure dur-
ing every venting cycle.

In some cases, the vented volume 160 of the cartridge is
vented about every 2 dispense cycles to about every 10 dis-
pense cycles. In some cases, the vented volume 160 may be
vented about every 3 dispense cycles to a bout every 7 dis-
pense cycles. However, any desired interval of venting cycles
to dispense cycles may be used. For some embodiments, the
venting of the vented volume 160 of the infusion cartridge
112 may be triggered by the detection or measurement of a
pressure difference threshold in the vented volume 160. That
is, if the pressure measured in the vented volume 160 of the
infusion cartridge 112 is above or below a predetermined
valued relative to the ambient pressure, the controller 168 will
initiate a venting cycle to vent the vented volume 160 and
equalize the pressure in the vented volume 160. For some
embodiments, the magnitude of such a threshold pressure
difference may be up to about 1 psi gauge, more specifically,
up to about 0.1 psi gauge.

FIGS. 19A-19E illustrate an embodiment of a spool 340 of
a delivery mechanism 342 that includes a sliding seal con-
figuration for the collapsible first volume 344 of the delivery
mechanism 342. The delivery mechanism 342 may have
some or all of the same features, dimensions, materials and
methods of use as those of any other delivery mechanism
discussed herein, and particularly delivery mechanism 132.
In addition, it should be noted that some or all of the suitable
features, dimensions, materials and methods of use of the
delivery mechanism 342 may be used or incorporated into
any other infusion system, or components thereof, discussed
herein.

In some cases, the collapsible first volume 344 of the deliv-
ery mechanism 342 includes a volume bounded by at least
one distal seal 346 that is axially displaceable relative to a
slide section of the spool body 348 and which may form a
substantially fluid tight seal between an outside surface 350 of
the seal 346 and an inside surface 252 of the bore 220. A fluid
tight seal may also be formed between an outside surface 352
of'a slide portion 354 of the spool 340 and an inside surface or
inside diameter 356 of the seal. More specifically, the delivery
mechanism 342 of an infusion pump system 358 may include
the bore 220 disposed in the delivery mechanism 342 body
and the spool 340 disposed in the bore 220 which is axially
displaceable within the bore 220. The delivery mechanism
342 also includes a collapsible volume 344 bounded by an
outside surface 358 of the spool 340, an inside surface 252 of
the bore 220, the distal seal disposed between the spool 340
and the bore 220 and a proximal seal 360 disposed and sealed
between the spool 340 and the bore 220. The proximal seal
360 is axially fixed relative to the spool 340 but displaceable
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relative to an inside surface 252 of the bore 220. The slide
portion 354 of the spool 340 may be disposed in a central
aperture 362 of the distal seal 346.

An outer surface of the aperture 362 of the distal seal 346
may form a substantially fluid tight seal over an outside
surface 352 of the slide portion 354 of the spool 340, while
also being axially displaceable over the slide portion 354 once
the friction there between is overcome. The distal seal 346
also forms a seal between an outside surface 350 of the distal
seal 346 and the inside surface 252 of the bore 220 while
being axially displaceable within the bore 220 once the fric-
tion between the distal seal 346 and surface 252 of the bore
220 is overcome. The slide portion 354 of the spool 340 may
be a substantially cylindrical section of the spool 340 which
as a smooth and uniform outside surface 352. The slide por-
tion 354 may be bounded at both the proximal end 364 and
distal end 366 of the slide portion 354 by a proximal shoulder
portion 368 and a distal shoulder portion 370 respectively.
The shoulder portions 368 and 370 may serve to limit the
axial translation of the distal seal 346 over the slide portion
354 of the spool 340. The separation of the shoulder portions
368 and 370 may serve to determine the maximum and mini-
mum volume of the collapsible volume 344 of such a spool
embodiment 340. In some embodiments, the friction between
inside surface 252 of bore 220 and distal seal 346 is greater
than friction between outside surface 352 of slide portion 354
of spool 340 and aperture 362 of the distal seal 346.

In some instances, the proximal and distal seals 346 and
360 may include an o-ring. In some embodiments, the spool
340 includes an elongate cylindrical member having a trans-
verse dimension of about 0.5 mm to about 10 mm, In some
cases, the maximum axial displacement of the distal seal 346
between the proximal and distal shoulder portions may be
about 0.01 inch to about 0.04 inch, more specifically, about
0.018 inch, to about 0.022 inch. For some embodiments, the
bore 220 of the delivery mechanism 342 may have a trans-
verse dimension or diameter of about 0.04 inches to about 0.5
inches, more specifically, about 0.08 inches to about 0.15
inches. For some embodiments, the spool 340 may have a
length of about 10 mm to about 40 mm, more specifically,
about 15 mm to about 20 mm. The spool 340 and housing of
the delivery mechanism 342 may be made from any suitable
material or materials including polymers or plastics such as
polycarbonate, PEEK, thermoplastics, cyclic olefin copoly-
mer, and the like. In some cases, the seals disposed on the
spool 340 may have an outer transverse dimension or diam-
eter that is slightly larger than that of the spool 340. In some
instances, the seals on the spool 340 may have an axial thick-
ness of about 0.01 inches to about 0.03 inches and may be
made from materials such as butyl, silicone, polyurethanes or
the like having a shore hardness of about 65A to about 75A,
more specifically, about 70A.

Inuse, the spool embodiment 340 incorporating the sliding
seal arrangement shown in FIG. 19A may operate similarly to
the spool configuration 156 shown in FIG. 14 and discussed
above. FIG. 19A shows the delivery mechanism embodiment
342 with the spool 340 in a pre-dispense configuration with
the collapsible volume 344 disposed between the proximal
and distal seals 346 and 360 filled with a fluid 121 to be
dispensed. The collapsible volume 344 of the device may be
filled by the same sequence as that shown in FIGS. 14-18
above with regard to spool embodiment 156. In particular, the
collapsible volume 344 may be distally advanced and posi-
tioned to be in fluid communication with reservoir inlet port
138. In this position, the collapsible volume 344 will be
initially in a collapsed state with the distal seal 346 and
proximal seal 360 as close together as possible. In other
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words, the distal seal 346 would be disposed near or against
the proximal shoulder portion 368. The spool 340 may then
be proximally retracted so as to proximally retract the proxi-
mal seal 360 from the distal seal 346 and thereby expand the
collapsible volume 344 drawing the fluid 121 into the col-
lapsible volume from the reservoir 126 through the reservoir
inlet port 138.

During proximal withdrawal of the spool 340 and proximal
seal 360, the distal seal 346 may remain substantially station-
ary with respect to the bore 220 due to the static frictional
force between an inside surface of the bore and an outside
surface of the distal seal 346. This process also may require
that the slide portion of the spool moves axially in a proximal
direction through an inner diameter of the annular distal seal
346 while maintaining a fluid tight sealed condition therebe-
tween. It may also require that the static frictional force
between the inside surface of the bore 220 and outside surface
of the distal seal 346 is greater than the frictional force
between the slide portion 354 of the spool and inside aperture
or diameter of the distal seal 346. In this way the spool 340
and proximal seal can translate within the bore 220 while the
distal seal 346 remains stationary. The proximal withdrawal
and filling of the collapsible volume 344 may continue until
the distal seal 346 contacts the distal shoulder portion 370 of
the spool 340. Thereafter, the spool 340, distal seal 346 and
proximal seal 360 may be proximally translated in unison
until the collapsible volume is disposed in fluid communica-
tion with the dispense port 142.

Once the collapsible volume 344 is disposed in fluid com-
munication with the dispense port 142, the filling process for
the collapsible volume 344 discussed above may be reversed.
In this case, the spool 340 is distally advanced along with the
proximal seal 360 while the distal seal 346 again remains
substantially axially stationary. This has the effect of collaps-
ing the collapsible volume 344 and dispensing the fluid 121
from the dispense port 142. It should also be noted that for the
dispense function to proceed, the frictional force between an
outside surface of the distal seal 346 and inside surface of the
bore 220 must be greater than the force equal to the pressure
of'the fluid 121 within the collapsible volume 344 multiplied
by the area of the bore 220. The same condition holds true for
the spool embodiment 156 discussed above. The pressure
within the collapsible volume 344 during a dispense cycle
may depend on several factors including the viscosity of the
fluid 121, the size and cross sectional area of the various ports
138 and 142, and the speed with which the spool 340 is
translated. For some embodiments, these parameters may be
selected such that the pressure of the fluid 121 within the
collapsible volume 344 may be up to about 20 psi, more
specifically, up to about 10 psi, in some cases. If the pressure
of'the fluid 121 within the collapsible volume 344 exceeds the
force of frictional engagement of the distal seal 346 with the
surface of the bore 220, the distal seal will be displaced along
with the spool 340, at least to some extent. The controller of
the pump device may be configured to measure pressure
within the volume of the shell 130 as discussed above and
detect an increase in pressure during the dispense stroke of the
spool 340 or 156. Such a pressure change may be an indica-
tion of a clog in the dispense port 142 or fluid lumen of the
infusion kit or line disposed and sealed between the dispense
port 142 and patient 127. If such a clog is detected, an audi-
tory, vibratory, or visual signal may be generated to warn the
patient of the clog. All three types of signals or warnings
could be generated as well. The pressure within the shell 130
may be monitored by the controller 168 generally in order to
verify the performance of the axial movements of spool 156
or 340.
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FIG. 19B shows the spool 340 after the fluid 121 in the
collapsible volume 344 has been collapsed by axial transla-
tion of the spool 340 and proximal seal 360 while the distal
seal 346 has remained substantially stationary with respect to
the bore 220 and dispense port 142. As a result, the fluid 121
in the collapsible volume 344 has been dispensed from the
dispense port 142 as shown by the arrow 372 in FIG. 19B. The
spacing of the proximal and distal seals 346 and 360, as well
as the maximum and minimum translation of the proximal
and distal seals 346 and 360 relative to each other may be the
same as discussed above with regard to the spool embodiment
156 of FIG. 14. Venting of the vented volume 160 of the
cartridge 374 may also be carried out in the same manner with
the spool embodiment 340 of FIG. 19A-19E as was discussed
above with regard to venting of the vented volume 160 of
cartridge 112.

Referring to FIG. 20, a schematic representation of a por-
table infusion device 380 for delivering a quantity of fluid to
abody is shown. In some embodiments, the portable infusion
device 380 may comprise an insulin or other medicament
portable infusion device such as the pump devices discussed
above. In addition, some or all of the suitable features of the
device 380 shown in FIG. 20 may be included with any ofthe
pump devices discussed above. The portable infusion device
380 may include a housing 382 which may be of any suitable
shape and any suitable size. For instance, the housing 382
may be extended and tubular, and further may be in the shape
of'a square, rectangle, circle, cylinder, or the like and may be
dimensioned so as to be comfortably associated with a user
and/or hidden from view, for instance, within or under the
clothes of a user. The housing 382 may be configured to
receive or contain components including one or more of a
delivery mechanism 384, a processor 386, a display 388,
memory 390, transmitter 392, receiver 394, an alarm 396, a
speaker 398, a clock/timer 400, and an input device 402. In
certain embodiments, the housing 382 may be configured for
being associated with a removable reservoir 404 and/or an
infusion set 406.

For example, in certain embodiments, the portable infusion
device 380 includes a delivery mechanism 384. The delivery
mechanism 384 may be any suitable type of mechanism
including the delivery mechanisms 90 and 132 discussed
above. For some embodiments, the delivery mechanism 384
may include a typical drive mechanism, such as a drive
mechanism that includes a drive screw coupled to a motor. In
such an instance, the drive mechanism may be configured for
being operably coupled to a reservoir, such as a syringe based
reservoir, and the housing may be sized to include at least a
portion of the drive mechanism and the reservoir. In some
instances, the delivery mechanism 384 may include a hydrau-
lics mechanism, pneumatic mechanism, step motor, continu-
ous motor, or the like.

In some embodiments, such as the embodiment depicted in
FIG. 21, the delivery mechanism 384 may include or more of
an actuator 408, a shuttlecock 410, and/or one or more tram-
polines 412. The actuator 408 functions to move or otherwise
actuate the shuttlecock 410. The shuttlecock 410 translates
within a translation chamber. The translation chamber may
communicate with a reservoir, the one or more trampolines,
and an outlet orifice. The shuttlecock 410 may be configured
such that as it translates in a given direction, e.g., a forward
direction, in the translation chamber, a fluid in the reservoir is
forced into and through the shuttlecock, in such a manner so
as to contact one or more of the trampolines 412, causing the
trampoline 412 to extend from a rest position to an extended
position. For instance, the trampoline 412 may be fabricated
from a material that is capable of extending in response to a
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force, such as the driving force that expels the fluid from the
reservoir, through the shuttlecock, and onto a surface of the
trampoline. As the shuttlecock translates in a second given
direction, e.g., rearwards, the extended trampoline returns to
its rest position thereby expelling any fluid contained thereon
through the shuttlecock and out through a suitably configured
outlet.

For certain embodiments, the shuttlecock 410 may be con-
figured such that as it translates forwards and rearwards
within the translation chamber, it regulates the flow of'a fluid
from the reservoir outwards away from the translation cham-
ber outlet 414. The shuttlecock, therefore, can have any suit-
able shape or size and be of any suitable configuration so long
as it is capable of translating within the translation chamber
and thereby regulating the flow of a fluid from the device. In
certain embodiments, the shuttlecock has an extended body
that includes one or more openings, which openings pass
through the entire width and/or length of the shuttlecock. The
openings may be positioned within the shuttlecock such that
they line up with one or more of a corresponding opening in
the reservoir and/or the trampoline surface. Hence, as the
shuttlecock 410 translates in one direction and at least one
opening aligns with a corresponding opening in the reservoir,
fluid is expelled inwards through the shuttlecock 410 to con-
tact the surface of the trampoline 412 causing it to extend
thereby storing a quantity of fluid thereon, and as the shuttle-
cock 410 translates in another direction and at least one open-
ing therein aligns with the extended trampoline 412, the
stored fluid is expelled away from the trampoline as it moves
toward its rest position, through the shuttlecock 410, and out
of the translation chamber.

The actuator or drive mechanism 408 may be configured
for actuating or otherwise effecting the translation of the
shuttlecock 410. The actuator 408 may be any mechanism
that is capable of causing the translation of the shuttlecock
410. For instance, the actuator 408 may include an electric
coil, a ferrite member, a nitinol member, a lever arm, corre-
sponding magnets or electric magnets or dipoles, and the like.

As shown FIG. 22, the portable infusion device 380 may
include or otherwise be associated with a reservoir 404. The
reservoir embodiment 404 may be configured for storing a
fluid, such as a liquid or a gas. The reservoir 404 may have any
suitable shape and size configured for receiving and storing a
fluid 121 and releasing the same in response to a force, such
as an applied pressure. For instance, the reservoir may be
configured such as those typically known in the art and
described above. For example, the reservoir may be a mini-
syringe including a barrel for storing the fluid and a plunger
for applying pressure to the fluid within barrel which pressure
effects the expulsion of the fluid from the barrel. As indicated
above, where a drive mechanism 150 is included, the drive
mechanism 150 may be operably coupled to the reservoir,
such as the plunger, to exert a force in the plunger and thereby
effect expulsion of the fluid from within the barrel. In such an
instance, the housing of the portable infusion device may be
configured to contain at least a portion of the reservoir and/or
attendant drive mechanism, e.g., within the bounds of the
housing.

In certain embodiments, such as that depicted in FIG. 22,
the reservoir 404 may not include a barrel and/or plunger, but
rather may include two or more chambers, such as a first fluid
chamber 416, for storing a first fluid, and a second fluid
chamber 418, for storing a second fluid. The fluid chambers
416 and 418 may be separated one from the other by a liquid
gas interface, diaphragm or other moveable boundary 420,
such that if a pressure is introduced into one chamber and acts
upon the boundary that pressure is directly transferred into
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the other chamber. In certain embodiments, the moveable
boundary includes a piston that is configured for regulating
the interaction between the chambers. Each of the fluid cham-
bers may additionally include one or more re-sealable or
pregnable seals and/or valves 422 and 424.

For instance, the reservoir 404 may include a first chamber
416 that is configured for storing a liquid, such as a medica-
ment to be delivered to a body. The second chamber 418 may
be configured for storing a gas, such as air, carbon dioxide, or
the like. The chambers additionally may be configured to
store the fluid under pressure, such as atmospheric or high
pressure. The boundary, such as a diaphragm 420, may be
made from an elastic material that is substantially imperme-
able to the fluids in either chamber, but configured for being
displaced from a resting position to an extended position,
such as in response to an increase in pressure. Accordingly, as
the second chamber 418 is filled with the gas, the diaphragm
420 is displaced, which displacement causes the pressure in
the first chamber 416 to increase. The chambers may include
one or more additional openings for the passage of the fluid
into or out of the chamber. For instance, the first chamber 416
may include an opening or egress 426 for allowing the fluid,
e.g., a liquid, stored within the chamber 416 to be expelled
from the chamber 416 through the egress or dispense port
426.

As indicated above, the egress 426 may be configured so as
to communicate with the shuttlecock translation chamber
and/or shuttlecock 410 and/or one or more openings therein.
The egress 426 may further be configured for opening and
closing or otherwise regulating the amount of fluid that is
allowed to pass there through. In this manner, the reservoir
404 interacts with the delivery mechanism 384 to effectuate
the delivery of a stored fluid from the reservoir 404, through
the delivery mechanism 384, and out of the portable infusion
device 380, e.g. via infusion set 406.

In further embodiments, a third chamber may also be
included. For instance, the third chamber may be in fluid
communication or otherwise associated with the second
chamber, such as via a solenoid valve. In certain embodi-
ments, the reservoir is configured in such a manner that the
amount of fluid delivered by the first chamber is directly
calculated by a transfer of an amount of gas, e.g., from one
chamber to another, such as by the amount of gas transferred
from the third to the second chamber.

For example, the total volume of the second and/or third
chambers may be fixed. As gas is transferred from the third
chamber to the second chamber, an increase in volume in the
second chamber results in a corresponding decrease in vol-
ume of the third chamber. This transfer of fluid results in a
pressure being exerted on the diaphragm resulting in the
expulsion of fluid from the first chamber, wherein the amount
of fluid expelled from the first chamber is directly propor-
tional to the increase in volume of the second chamber. Sen-
sors may be included in the second and third chambers so as
to determine the pressure transfer of the gas in the second and
third chambers.

Specifically, since the volume of the third chamber is
known and fixed, the ideal gas law and the principle of con-
servation of mass may be applied to determine the volume of
gas in the second chamber. Since the combined volume of the
second and first chambers is known and fixed, the volume of
the first chamber is determined from the calculated volume of
the second. The flow rate of the fluid from the first chamber is
determined by calculating the volume of fluid in the second
chamber at two instances in time and dividing the change in
volume by the time between measurements. See, for instance,
U.S. Pat. No. 7,374,556 incorporated by reference herein in
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its entirety. The processor may be employed for determining
the dispensing of fluid from the first chamber, based upon the
pressures sensed by the pressure sensor(s), .g., in the second
and third chambers. See, for instance, FIG. 23.

As indicated in FIG. 22, the chambers 416 and 418 of the
reservoir 404 may include one or more seals and/or valves e.g.
422 and 424, such as a solenoid valve. The seals and/or valves
may be configured for allowing a fluid to be added to a lumen
of'the chamber, thereby allowing the passage of the fluid into
the chamber, while at the same time preventing the passage of
the fluid back out of the chamber, once the fluid has entered
into the chamber. In certain embodiments, a valve is included
wherein the valve is capable of regulating the flow of the fluid
into and/or out of the chamber, for instance, in a controlled
manner.

Further, as indicated in FIGS. 20 and 22, the reservoir 404
may include a housing 428, wherein at least partially within
the bounds of the housing the first and second chambers 416
and 418 are contained. The housing may be coextensive with
the housing of the portable infusion device, or the housing
428 of the reservoir 404 may be separate there from, e.g., a
separate and distinct component. For instance, as depicted,
the housing 428 of the reservoir 404 is a separate component
from the housing 382 of the portable infusion device 380. For
example, the housing 382 of the portable infusion device 380
may include an attachment mechanism 430A and 430B, and
the housing 428 of the reservoir 404 may include a corre-
sponding attachment mechanism 432A and 432B, wherein
the attachment mechanisms are configured for interacting
with one another in such a manner that the housing 382 of the
portable infusion device 380 is capable of being removably
coupled to the housing 428 of the reservoir 404, thereby
allowing the reservoir 404 to be attached and detached from
the portable infusion device 380.

The attachment mechanism may have any shape and con-
figuration, that is capable of removably attaching the housing
428 of the reservoir 404 with the housing 382 of the portable
infusion device 380. In certain embodiments, the attachment
is a rail system including corresponding grooves that allow
the reservoir to be slidably coupled to the portable infusion
device. In other embodiments, the attachment is a snap sys-
tem that includes corresponding male and female parts that
allow the reservoir to snap into place in operable contact with
the portable infusion device. Hence, in certain instances, the
reservoir and/or associated housing form a removable car-
tridge. Further, in certain embodiments, the reservoir itself is
a cartridge that fits into a separate reservoir housing, which
housing may then be attached, e.g., removably, to the housing
of the portable infusion device.

As shown in FIG. 23, the portable infusion device 380 may
include a processor 386. The processor 386 functions for
controlling the overall functions of the portable infusion
device 380. Specifically, the processor 386 includes program-
ming that functions to control the device 380 and its compo-
nents. The programming may comprise computer instruc-
tions stored in memory or firmware components that, when
executed by the processor 386, provide the processing and
features described herein. For instance, the processor 386
may communicate with, e.g., send signals to and/or receives
signals from, and/or otherwise control one or more of the
delivery mechanism 384, reservoir 404, estimators 434, out-
put mechanisms (e.g., display) 388, memory 390, transmitter
392, receiver 394, alarm(s) 396, speaker 398, clock 400, and
the like. The programming that is executed by the processor
386 may be referred to herein as the “program” or “program-
ming” of the device.
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Accordingly, the processor may include programming that
it can execute to control the speed of shuttlecock translation,
the release of fluid from the reservoir, the data to be displayed
by a display, the data to be transmitted via the transmitter, the
one or more alarms, etc. The processor may also include
programming that allows the processor to receive signals
and/or other data from an input device, receiver, various sen-
sors (such as a sensor that may be included as a part of the
device or used in conjunction therewith, for instance, a blood
glucose monitor and/or a blood glucose sensor, and the like)
and to store the same in a memory. The memory can be any
type of memory capable of storing data and communicating
that data to one or more other components of the device, such
as the processor.

For instance, the memory may be one or more of a Flash
memory, SRAM, ROM, DRAM, RAM, EPROM, dynamic
storage, and the like. For instance, the memory may be
coupled to the processor and configured to receive and store
input data and/or store one or more template or generated
delivery patterns. For example, the memory may be config-
ured to store one or more personalized (e.g., user defined)
delivery profiles, such as a profile based on a user’s selection
and/or grouping of various input factors (as described below);
past generated delivery profiles; recommended delivery pro-
files; one or more traditional delivery profiles, e.g., square
wave, dual square wave, basal and bolus rate profiles; and/or
the like. The memory may also be configured for storing user
information, history of use, compliance, an accessible calen-
dar of events, and the like.

The processor may also include programming to allow the
processor to make a recommendation. For instance, the pro-
cessor may include one or more estimator functionalities 434
that enable the processor 386 to receive data from various
sources, parse the data, collate the same, and generate an
estimate based on the same. For instance, the processor may
be configured to receive user input data and/or data from one
or more sensors or other external source, which data the
processor can process and thereby use to generate an esti-
mate, such as an estimate of an amount of fluid to deliver to a
body, a rate of fluid delivery, and/or a specific fluid delivery
profile. For example, the processor may be configured to
process data pertinent to a current or predicted condition and
to generate an estimate, represented as an amount, rate, pro-
file, etc. of fluid to be delivered based on that data, which
estimate may then be displayed to auser, thereby allowing the
user to interact with the estimate to accept, decline, and/or
otherwise modify the estimate.

Specifically, as shown in FIG. 23, the processor 386
receives inputs from many of the other various components of
the device 380. As indicated above, the portable infusion
device may include one or more sensors, such as one or more
pressure sensors 436 A and 4368, a temperature sensor 438, a
clock 400, and the like. For instance, as indicated above, the
processor 386 may be configured for receiving pressure sen-
sor data, which data may be processed to determine a flow rate
440 and/or further used to control a flow regulator 442 (e.g.,
avalve of the reservoir, a motor of the actuator) so as to make
flow rate adjustments 442 and/or recommendations of the
same for user consideration and evaluation. For example, the
processor may receive pressure data from the sensors, e.g.,
pressure sensors 436 A and 4368, which may be included in
the second and third chambers (if included), and use that data
to determine an amount of fluid being delivered from the
device and/or a flow rate, which data in turn may be used to
regulate and/or otherwise adjust the rate of flow, for instance,
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by communicating with one or more solenoids associated
with the chambers e.g., through various electronic switches
controlled by the processor.

For instance, the processor 386, and other processors dis-
cussed herein, may include estimator programming 434, such
as estimators A-E (or a larger number as desired), enabling the
processor 386 to adjust the amount and/or flow rate, etc. of'a
fluid from the device 380. For example, the portable infusion
device 380 may include an interface that allows a user such as
a patient to interact with the programming of the processor to
determine an amount of fluid to be delivered, a rate of deliv-
ery, a delivery profile, and/or the like. In certain embodi-
ments, the portable infusion device is configured for receiving
user information about a users present or predicted condi-
tions. Such information may include the amount of insulin
already present in the body, e.g., insulin on board; blood
glucose level; trending glucose level; insulin sensitivity/in-
sensitivity; glycemic index; metabolism; metabolic rate;
stress level; physiological conditions, e.g., age, health, sick-
ness, diurnal cycles, etc; measurable parameters: hormones,
steroids, etc.; pharmacokinetics of the medicament, e.g., age
of'insulin, decay rate, etc.; food to be ingested, e.g., carbohy-
drates, proteins, fat; activity; use history; calendared events;
environment, e.g., temperature, humidity, pressure, etc.; and
the like. One or more of these factors may be entered into the
device, for instance, by an input device. The processor 386
includes programming configured for receiving such user
input information, such as that discussed above, parsing and
collating the information to generate an output, and present-
ing that output to a user, such as on display 388.

As can be seen with respect to FIG. 24, the portable infu-
sion device may include a display 388, which display may be
operable through an input/output interface. The display 388
may also include an input device 402. The display 388 may be
any form of display capable of receiving data from the pro-
cessor and displaying that data, for instance, receiving the
data through an interface and displaying the data on a display
screen, e.g., an LCD, LED, and/or plasma screen. The display
388 may be an interactive display and include a screen 448,
wherein the screen may further include a touch screen, or
touch sensitive, input device 402. For instance, the screen
may be a capacitance or resistive touch screen.

A unique complication that may be present with respect to
diabetic users is that they often build up calluses on the tips of
their fingers as aresult of blood glucose testing, which may be
problematic for capacitive-based touch screen configura-
tions. For example, calluses may prevent or hinder the trans-
fer of energy that the capacitive screens use to receive direc-
tions. Accordingly, in certain embodiments, the touch screen
may be a resistive based touch screen. The touch screen, or
touch sensitive display, may be configured to display screens
or pages that allow the user to input data fields, e.g., select
variable inputs, so as to allow the program to produce a
suggested delivery amount, rate, profile, and/or the like in an
intuitive, manipulable, and/or graphic representation, thereby
allowing the user to interact with the screen to shape the
characteristic/form of the delivery amount, rate, and/or
graphic delivery profile, e.g., by manipulating the delivery
estimate or pattern displayed on the screen to effectuate the
actual delivery. The portable infusion device may addition-
ally include a keyboard or other device known in the art for
data entry, which such devices may be separate from the
screen and/or display.

Information provided by the portable infusion device may
be presented on the display screen as any number of objects,
including one or more numerical values, a range, a value or
range that is presented in the form of a drop-down menu, a
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toggle that can be adjusted by the user, a graphical represen-
tation or an animated graphic, and the like. For instance, in
certain embodiments the value is a range of values that are
presented on a screen of the display as a toggle, wherein the
toggle may be adjusted upwards or downwards by the user
swiping a finger over the screen to select the appropriate value
range, e.g. appropriate range of amounts of medicament such
as insulin to be delivered and/or the appropriate rate of medi-
cament delivery. In certain instances, the values presented in
the range may be adjusted by the processor 386 based on
various characteristics of the user, such as age, sex, weight,
height, insulin sensitivity, etc.

Additionally, in certain instances, the value estimate may
be displayed in graphical form; for instance, as an interactive
graphic interface, such as where the value to be displayed is a
delivery profile. In some circumstances, a possible advantage
of'the disclosed portable infusion devices is that the program-
ming of the processor and the touch screen functionality
permit the portable infusion device to receive user inputs
pertaining to a wide variety of variables, such as those
described above. The variables may be used to generate a
graphic representation of a delivery profile that may be
manipulated by the user to change the delivery profile, with or
without various predetermined parameters. This represents a
movement away from the static stair step delivery modules
that are based more on the limitations of archaic pumping
mechanisms and that have a limited ability to correlate with
the actual present or future medicament needs of a user.
Hence, rather than locking a user into a delivery profile that
resembles, for example, a square stair step wave or a dual
wave profile, as is commonly employed in the art, the delivery
profiles of the present portable infusion device may be rep-
resented as a series of adjustable graphs.

For example, where the fluid to be delivered is insulin, a
portable infusion device of the present disclosure may be
configured to receive user and/or external, e.g., sensor, inputs
to calculate current or predicted insulin on board for the user,
and may further make calculations to determine a predicted
rate of decay for the same. The portable infusion device
programming may in turn use this information, along with
other information, such as user input information, e.g., cur-
rent blood glucose level, stress level, or activity level, to
generate a delivery profile that more resembles the actual
insulin requirements of a user. In this manner, a portable
infusion device of the present disclosure generates a delivery
profile that models the amount of glucose in the blood, such
that a user will have enough insulin to deal with the present
blood sugar but not so much of an excess that medical com-
plications arise.

Specifically, in many current infusion pumps, two typical
infusion rates are possible: a basal rate, wherein insulin is
being delivered at a constant rate; and a bolus rate, wherein
prior to ingesting food a bolus of insulin is delivered to
account for the amount of sugar to be ingested. In practice, the
user enters the amount of carbohydrates they are about to
ingest, their carb ratio (the volume of insulin programmed to
be delivered for every particular number of carbohydrates
predicted to be consumed by the user), and based on this
information the infusion pump will generate an estimate of a
bolus amount of insulin to be delivered. If accepted by the
user, e.g., by depressing a button, the then-current basal deliv-
ery mode is suspended and the bolus delivery rate is initiated.

As discussed, there are several shortfalls in such calcula-
tions. For instance, the amount of insulin to be delivered
should model the amount of glucose in the blood as well as the
predicted amount of glucose to be ingested, and/or the insulin
sensitivity of the user. These amounts are further affected by



US 9,211,377 B2

51

factors such as the user’s emotional state, activity level,
physical conditions, etc; and further, the food to be ingested
often include other components, e.g., fat and protein, in addi-
tion to carbohydrates, which are generally not of high impor-
tance in the calculations performed by current devices.
Although the presently disclosed portable infusion devices
consider the amount of carbohydrates a user is to ingest as
well as their carb ratio, they also may consider a wide variety
of other variables that may be input by the user or other
external sources, such as by sensors, and the like. That is, the
suggested delivery profile that is generated by the processor
may include as input values such as amount of carbs, user carb
ratio, user’s emotional state, activity level, physical condi-
tions, etc. Hence, the suggested delivery profile that is pro-
duced by a portable infusion device of the present disclosure
more closely represents the amount of insulin to be delivered
over time at the time that amount of insulin is expected to be
needed, thus more closely matching the amount of insulin on
board at any given time with the amount of glucose present in
the blood for that time.

Therefore, rather than merely having two basic delivery
modes or profiles, such as a basal delivery profile that may be
suspended and replaced by a bolus delivery profile, e.g., prior
to when a user is about to eat, the delivery profiles of the
present portable infusion devices may include a plurality of
bolus delivery profiles that may be used in any combination to
deliver a series of boluses. These profiles may be adjusted
over time to account for a changing variety of variables such
as insulin on board, food ingested, decay rates for both the
insulin on board and insulin delivered, carb ratio, and the like.
The boluses may be of equal size or of different sizes, in
accordance with the delivery profile. In this manner, the
present portable infusion devices are capable of more closely
controlling the level of insulin in the bloodstream, and gen-
erating delivery patterns that resemble actual insulin needs
rather than delivery patterns that are based on the limitations
provided by the pump’s mechanical delivery mechanisms.

For instance, due in part to their unique delivery mecha-
nism(s) and/or programming, the portable infusion devices of
the disclosure may be configured for delivering a series of
multiple reduced size bolus deliveries of a fluid, such as
insulin, so as to finely control the amount of that fluid in the
blood, e.g., the amount of insulin on board (IOB). Thus the
total amount of the fluid, e.g., insulin, delivered is an inte-
grated amount determined by the graphical shape of the deliv-
ery profile curve for the series of multiple bolus deliveries.
For example, the graphical shape of the delivery profile curve
may represent the amount of insulin delivered over a period of
time, where the x-axis of the graph represents the time, e.g.,
hours, minutes, actual time in user’s time zone, etc., and the
y-axis represents the amount of insulin, e.g., in units. There-
fore, the rate of insulin delivery may be easily represented by
a graph having a slope defining the delivery rate and the area
under the graph totaling generally the amount of fluid deliv-
ered, or to be delivered, to the user. Hence, in this manner, the
portable infusion device may more closely control the fluid,
e.g., the amount of the medicament, such as insulin, in the
user’s blood stream by generally constantly modulating the
boluses of the fluid being delivered. In addition, or alterna-
tively, the modulation of boluses may be done on a non-
constant basis, e.g., rapidly, intermittently, periodically, etc.,
as generally desired by a user.

The mechanisms, processors, and programs employed by
current infusion pumps cannot account for the data input
and/or to make the calculations and determinations sufficient
to enable fine manipulations of the suggested delivery
profile(s). Accordingly, although portable infusion devices
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described herein are capable of generating square or dual
wave bolus delivery patterns, because of the dynamics of the
systems described herein, such patterns are capable of being
manipulated, even in real-time, by a user via, e.g., a touch
screen display, so as to be adjusted according to any of a
number of variables, as described above. For example, due in
part to the programming of the present devices, the portable
infusion devices described herein may calculate necessary
volumes of insulin to deliver to a user in order to at least
attempt to maintain a user’s target blood glucose level, which
is generated by accounting for various parameters entered by
the user or external sources.

In this manner, for instance, with respect to insulin, a
desired ideal delivery profile may be generated so as to match
the insulin to be delivered with the amount of glucose in the
blood given the present or predicted future conditions of the
user taking into account such parameters as meals, meal
complexities, exercise, absorption/clearance rates, decay
rates, and the like. A benefit of the programming described
herein may be that it allows for predicted events and provides
for real-time corrections to medicament delivery if those pre-
dicted events do not correlate with or anticipate current con-
ditions. Thus, the devices disclosed herein allow for generally
predictive events so that an appropriate amount of insulin can
be available in the blood at the time needed to account for the
changing conditions of the user, and/or can be corrected real
time. For example, the present devices allow for an estimate
of medicament amount, rate, profile, etc. that will be needed
in the future so that an appropriate amount of the medicament,
e.g., insulin, needed to accomplish a desired function, such as
process the now current glucose present in the blood, is gen-
erally readily available to the user.

Specifically, in some exemplary situations, the user may
input data into the device pertaining to a meal to be consumed.
The processor will process that information to generate an
insulin delivery pattern, wherein the amount of insulin to be
delivered is modeled on the predicted amount of glucose to be
present at the time of its entering the bloodstream based on the
inputted data and/or data accessed via the memory or
remotely via, e.g., a network, for calculating the amount of
insulin required. Hence, in such a situation, the portable infu-
sion device system may account for such variables as the type
and amount of food to be ingested, the amount of glucose,
other sugars and carbohydrates, proteins and fat associated
with such food, the decay rate of insulin, as well as the rate at
which the food ingested is metabolized by the body for the
food ingested. The data to be entered into the system of the
device, therefore, may include one or more of the complex
composition, as described above, of the meal (e.g., which
may be a value range based on low, medium, or high com-
plexity), and/or may include the amounts of carbohydrates,
proteins, and fats to be consumed. The users current blood
glucoselevel and/or glycemic index may then be input or may
be calculated, the insulin duration and/or food (e.g., carbohy-
drate, protein, fat) absorption rates may be calculated, current
or predicted activity levels, and variables related to present
physiological conditions (e.g., stress levels) may be input into
the device, any or all of which data may be used by the
processor to generate a delivery profile that more closely
represents desirable or ideal curve for insulin on board (I0B)
over time, which is the amount of insulin remaining in a user’s
body over time due to any bolus deliveries of insulin to the
user. The delivery profile generated may then be accepted
and/or manipulated by the user, for instance, in an exemplary
situation where the user predicts that he or she will be exer-
cising within a certain period of time but never does. Accord-
ingly, the delivery profile may be represented as a graph, such
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as a graph that displays the amount of insulin to be delivered
over time, which graph may be capable of being graphically
manipulated by a user.

For instance, the graphic representation may be a bar graph
that indicates an amount of insulin to be delivered over a
certain time interval, such as a four minute increment, for a
given period of time, e.g., 1 hour, wherein each bars repre-
sents an aliquot of insulin to be delivered within the 4 minute
time increments, and the height of the bar equals the amount
of insulin to be delivered within that time frame, and further
wherein the height of the bars may be manipulated by a user
in response to present or predicted conditions. For example,
in one embodiment, a series of bolus amounts of insulin to be
delivered e.g., every four minutes, for a given time period, e.g.
1 hour, may be calculated, wherein the upper limit for the total
amount of insulin to be delivered is fixed, but each individual
bar, representing an amount of insulin to be delivered in a
given 4 minute increment, is adjustable within a given range,
s0 as to allow a user to have greater control of the amount of
insulin being delivered over the given time period.

In some instances, a first graph may be displayed wherein
the user is notified of the amount of insulin that is presently
“on board” and expected to be “on board” over a given time
period. A second graph may then be displayed showing a
suggested amount of insulin to be delivered over a given time
period, e.g. overlaid with the first graph or shown sequentially
thereafter. The shape of this second graph may be capable of
user manipulation, if desired. In certain embodiments, the
systems disclosed herein may allow for complete manipula-
tion of medicament delivery by a user with no limits, or, for
safety and/or regulatory reasons may provide a range of data
within which the medicament delivery may be so manipu-
lated or altered. The user may, e.g., be prompted before mak-
ing any or all such changes if they, for instance, calculated by
the system to be dangerous, non-optimal, etc., such as with a
message prompting the user to select a button before making
such change and/or reading a message with information
regarding possible effects of such manipulation before mak-
ing such change. Alternative “lock out” features temporarily
disabling the ability for such manipulation may be used as
well as alarms or notification functionality for storing and/or
transmitting data associated with such user-generated
changes to a clinician, parent, etc. In some embodiments,
although the shape of the graph is capable of being manipu-
lated so as to change the delivery profile, the total area under
the curve, and therefore the total amount of insulin to be
delivered over time, is not changed.

In other embodiments, as indicated above, the graph may
be a series of bars, wherein the width of each bar represents a
time period, the height of each bar represents an amount of
insulin to be delivered, and the number of bars represent a
given time period for delivery. In such an instance, each
individual bar may be capable of being manipulated, and in
certain embodiments, the total amount of insulin to be deliv-
ered for the overall period could be limited such that an
increase in one bar results in an a subsequent decrease in
another bar for the given overall period. Additionally, a bar
graph could be displayed wherein the insulin on board is
represented as a function of activity, wherein the bars repre-
sent the amount of suggested insulin to be delivered, e.g., in 4
minute increments, and the bars are capable of being manipu-
lated with respect to the amount of exercise to be engaged in.
Insuch an instance, a decrease in activity level may require an
increase in the amount of insulin to be delivered.

In another embodiment, the graphic representation may be
a triangle bounded by three points that are variably selected,
e.g., food to be ingested, historic blood glucose level, and
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activity level, wherein the output would be a given amount of
glucose to be delivered over a given period of time, and
further wherein the shape of the triangle may be modulated by
the user to change the delivery profile. In a further embodi-
ment, a delivery rate may be set forth graphically in a series of
steps, the steps could then be overlaid by a suggested rounded
wave, and the user can manipulate the screen so as to config-
ure the steps to model the shape of wave, e.g., rounding out
the steps.

Itis to be noted that although the above examples have been
set forth with respect to the amount of insulin to be delivered
in view of certain variables, such as time, activity level, user
history, and the like, equivalent graphical representations
could be set forth with respect to any of the above described
variables. Further, although various graphical representations
have been set forth, such as generally wave-from shaped
graph, bar graphs, and generally triangular shaped graphs,
such graphical representations are not meant to be limited
hereby as other graphical representations could be used to
convey the relationships between the various factors herein,
and thus, the disclosed graphical representations are not
meant hereby to be limiting.

As indicated above, the graphical representations are
capable of being manipulated, for instance, by a user inter-
acting with the device in such a manner as to produce a change
in a characteristic of the graph. For instance, where the screen
of'the display is a touch screen, or touch sensitive display, the
user may interact with the screen, e.g., by use of a finger,
stylus, or other such instrument, so as to cause a change in the
displayed representation. Hence, in certain embodiments, the
display may be configured in any suitable manner that allows
for the representation of data, which data may then be acted
upon by a user so as to effect a change in the displayed
representation. For example, in certain embodiments, the dis-
play is configured for displaying various forms of graphs,
which graphs may be capable of being manipulated by a
user’s interaction therewith. Additionally, in certain embodi-
ments, the display is configured for displaying a toggle rep-
resenting a given quantity, which toggle may be scrolled
through for the selection by the user of a determined repre-
sentation of the quantity to be selected.

For instance, where the display is configured for graphical
representation, the graphic representation may be configured
for manipulation by a user touching or otherwise “clicking”
the representation and dragging the representation in a pre-
defined manner so as to change the form, e.g., height, width,
shape, etc. of the representation. For example, where the
graphical representation is a bar, the height or width of the bar
may be adjusted by clicking on the appropriate dimension and
manipulating it to adjust that chosen dimension. Where the
graphical representation is a curve or wave, the curve or wave
may be clicked and the shape thereof may then be manipu-
lated, for instance, by dragging a finger across the screen in a
predetermined manner. As the graphical curve or wave is
manipulated by the user, data values corresponding to the
curve values are changed.

FIG. 54 illustrates an example of multiple graphs being
simultaneously displayed on the touch screen display, which
include a BG graph, an IOB graph and a target BG graph. Any
one of the graphs may be configured for manipulation by a
user, such that a user may modify the slope of any one of the
graphs in order to ultimately modify the rate amount of insu-
lin in the body of the user over a period of time. Furthermore,
user manipulation of one graph may or may not automatically
cause modifications to one or more additional graphs and/or
settings. Any number of graphs displaying various data may
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be simultaneously displayed on the touch screen display to
enable a user to directly modify any one of the displayed
modifiable graphs.

Some embodiments may include a configuration wherein
the graph includes a handle and spline, wherein the graph is
capable of being manipulated by tapping the handle and mov-
ing the same to effect a change in the spline. Hence, in such
manners as these, the graphs of the display, in certain embodi-
ments, are capable of being manipulated, which allows a user
to change, e.g., in real time, the delivery pattern of a fluid, for
instance, so as to account for present conditions and/or future
predictions, such as actual exercise levels and/or actual
amounts to be eaten vs. predicted exercise levels and/or
amounts actually eaten. In certain embodiments, the graphic
representations may also include an auto correct feature, such
as a feature that allows for a best-fit curve correction, such as,
e.g., an auto correct button.

Accordingly, the device may receive information from a
user input and/or sensor or monitor input and based on this
information may make a calculation of an amount of glucose
present or about to be present in the blood. The results of these
calculations can then be used generate an amount or rate of
insulin to be delivered over a given period of time, which rate
may be represented as a graph, such as a graph that can be
manipulated by the user. Once the suggested amount, rate,
delivery profile, or the like is presented to the user, the system
may require the user to take an affirmative action, such as
depressing a confirmation screen, before the device will
deliver the medicament in response to the user’s affirmative
action.

For instance, in some exemplary embodiments, as can be
seen with respect to FIG. 25, the processor 386 may be con-
figured for receiving user input 402 as well as sensor input
438 and generating an output 446A, such as an estimated
amount or rate of fluid to be delivered, which output may be
presented on a display of the device, such as in a toggle or
graphic format. The output 446A may further be of such a
configuration that a user response may be required, for
instance, by tapping a screen of the display as, for instance,
selecting an object or symbol of the display to indicate a
confirmation of the user’s acceptance of the estimate, which
confirmation serves as additional user input 446B that signals
the processor 386 to initiate the delivery mechanism 384 so as
to translate within the translation chamber and the reservoir
404 to expel fluid into the translation chamber and thereby
begin delivery of the fluid in accordance with the confirmed
amount and/or rate. As indicated above, the reservoir 404 may
include one or more sensors that can send the processor
information with which the processor can determine the
amount and rate of delivery and adjust the same as necessary
in accordance with the user instructions, thus, allowing a
feedback loop whereby the actuator may be deactivated and/
or the egress of the reservoir closed once the appropriate
amount of fluid has been delivered. Other selections of
objects and symbols on the display may provide confirmation
of selection or acceptance of the corresponding displayed
values of the object or symbol.

The portable infusion device 380 of the disclosure may also
include one or more of a suitably configured power source;
wire or wireless communication capability, such as for the
remote sending and receiving of data, e.g., a transmitter and/
or receiver, WIFI connection, infrared or bluetooth commu-
nication device, USB or SD port, flash drive port, or the like;
GPS functionality; phone functionality; warning and/or
alarm programming; music storage and replay functionality,
e.g., an MP3 player; a camera or video mechanism; auto
scaling capabilities, and/or one or more video type games. A
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USB connection may be used to charge the device and may
allow the portable infusion device to display information
from a program being run by the processor on the device onto
the connected computer’s monitor. Therefore, this may allow
aportable infusion device to interact with any computer hav-
ing a USB connector for at least downloading data onto the
computer for subsequent use of the data, e.g., upload onto the
internet, save data in computer’s memory, view and/or
modify device data using word processing, store the data in
various media file formats, etc. This also relieves users from
having to load installation software onto a computer prior to
at least downloading data from the portable infusion device
onto the computer.

The device may also include an accelerometer, for
instance, which may be used for changing presented esti-
mates, wherein instead of scrolling through a menu of options
or using a numerical keypad, values can be input or changed
via the accelerometer, such as by gesturing with or otherwise
shaking the device. Further, the processor of the device may
include additional programming to allow the processor to
learn user preferences and/or user characteristics and/or user
history data, for instance, to implement changes in use sug-
gestions based on detected trends, such as weight gain or loss;
and may include programming that allows the device to gen-
erate reports, such as reports based upon user history, com-
pliance, trending, and/or other such data. Additionally, a
device of the disclosure may include a power of or suspend
function for suspending one or more functions of the device,
such as suspending a delivery protocol, and/or for powering
off of the device or the delivery mechanism thereof.

Some embodiments of an infusion system may include a
portable infusion device, as described above and a remote
commander device. In such an instance, the portable infusion
device may include a suitably configured receiver and/or
transmitter for communication with an external device such
as a remote commander, as well as programming for directing
the use of the device; and the remote commander may addi-
tionally include a suitably configured receiver and/or trans-
mitter for communication with an external device such as a
portable infusion device, as well as programming for direct-
ing the use of the device. For instance, the remote commander
may include one or more of the functionalities described
herein above with respect to the portable infusion device.

For example, the remote commander may include a pro-
cessor, a memory, a transmitter and/or receiver, an input
mechanism, an output mechanism, e.g., a display, a clock, a
timer, an alarm, an estimator, and the like. Hence, in certain
embodiments, the portable infusion device may include a
transmitter that receives commands, e.g., infusion com-
mands, from the processor and transmits the commands (e.g.,
to a remote commander or vice-versa). Similarly, the remote
commander may include a transmitter that receives com-
mands, e.g., infusion commands, from its processor and
transmits the commands (e.g., to a portable infusion device or
vice-versa). In such an instance, the portable infusion device
and/or remote commander may also include a receiver that
receives commands, such as remotely/wirelessly generated
commands, and communicates the commands to the proces-
sor. Accordingly, the remote commander may include the
appropriate hardware and software necessary for producing
these functionalities in the remote commander, such as that
described above with respect to the portable infusion device.
The portable infusion device itself or the remote commander
may also include programming that includes an initiating
command request, whereby the user has to interact with the
device, such as by tapping a screen, e.g., on a display of the
portable infusion device or remote commander, so as to
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accept an infusion recommendation before the remote com-
mander signals the portable infusion device and/or before the
portable infusion device accepts the command and begins
infusion of the fluid.

Some embodiments may be directed to a system for gen-
erating an estimate of an amount of fluid to be delivered to a
body and for delivering the amount of fluid to the body of a
user in accordance with the generated estimate. The system
may include a remote commander and a portable infusion
device. For instance, the system may include a remote com-
mander configured for generating the estimate of the amount
of fluid to be delivered to the body, and for communicating
instructions for the delivery of the amount of fluid to the
portable infusion device. Accordingly, the remote com-
mander may include one or more of: a processor, for gener-
ating an estimate of an amount of fluid to be delivered to a
body in response to user input data; a data input interface for
communicating with the processor, wherein the data input
interface is configured for receiving user input data; a
memory coupled to the processor; for receiving and storing
user input data; a display for displaying the estimate of an
amount of a fluid to be delivered; and a transmitter for trans-
mitting a command to a portable infusion device, wherein the
command instructs the portable infusion device to deliver an
amount of fluid in accordance with the generated and con-
firmed estimate.

Further, the system may include a portable infusion device
that is configured for delivering the amount of fluid to the
body in accordance with the estimate generated by the remote
commander. The portable infusion device may include one or
more of a reservoir, for storing the fluid; a delivery mecha-
nism, for effecting the delivery of the fluid; a receiver for
receiving instructions, e.g., commands, from the transmitter
of'the remote commander; and a processor, for instructing the
reservoir and/or delivery mechanism to deliver the amount of
fluid to the body of a user in accordance with the received
instructions, e.g., the generated estimate.

Additionally, the housing of the device, e.g., the housing of
the portable infusion device and/or reservoir and/or remote
commander (if included), may be configured for containing at
least a portion of one or more of a stylus, a lancet, and/or
glucose sensing strips or other glucose sensing components.
Additionally, the device may include a removable skin or
other cover configured for protecting the device from the
environment and/or breakage due to mishandling. One or
more of these may also be included in a kit of the present
disclosure.

Some embodiments may be directed to a method for using
the above portable infusion device and/or remote commander
so as to deliver an amount of a fluid, such as an estimated
amount of fluid to a body of a user. The method may include
providing an infusion device and/or remote commander, as
described above, for instance, where the infusion device
includes one or more of a reservoir, for storing the fluid; a
delivery mechanism, for delivering the fluid; a processor, for
generating an estimate of an amount of fluid to be delivered to
the body in response to user input data, and for controlling the
delivery mechanism; a data input interface for communicat-
ing with the processor, wherein the data input interface is
configured for receiving user input data; a transmitter and/or
a receiver, for transmitting and receiving commands; and a
display for displaying the estimate of an amount of a fluid to
be delivered. If a remote commander is provided, the remote
commander may include one or more of a processor, for
controlling the remote commander and/or generating an esti-
mate of an amount of fluid to be delivered to the body in
response to user input data; a data input interface for gener-
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ating commands and communicating with the processor,
wherein the data input interface is configured for receiving
user input data, such as a user command; a transmitter and/or
a receiver, for transmitting and receiving commands; and a
display for displaying the command and/or an estimate of an
amount of a fluid to be delivered.

The method may further include inputting externally sup-
plied values into the data input interface, such as a data input
interface of the portable infusion device and/or remote com-
mander wherein the data input interface is configured for
receiving the user input data and communicating that data to
the processor and the processor is configured for receiving the
user input data and/or generating an estimate of an amount of
a fluid to be delivered to the body of the user, and further
configured for communicating the estimate to the display
and/or to the portable infusion device or remote commander
(if included). For instance, the user input data may include
one or more of a blood glucose level, a stress level, a physi-
ological condition, a complexity of a meal to be ingested, an
activity level, a user history profile, or the like. The method
may additionally include one or more of receiving the gener-
ated estimate of an amount of fluid to be delivered on a display
of the portable infusion device and/or remote commander;
receiving a request for a user input on a display of the device,
such as wherein the request requires the user make a selection
before delivering the amount of fluid to the body of the user;
and making a selection based on the estimate; wherein, once
the selection is made (if required) the device delivers the
quantity of fluid to the body in response to the selection.

Some embodiments may be directed to a kit which kit may
include a device and/or a system for the infusion of a medi-
cament as described herein above. Specifically, the kit may
include one or more of a portable infusion device, a reservoir,
a remote commander, as well as instructions for using the
same, and may include an aliquot of the medicament, e.g.,
insulin to be delivered, as well as infusion set tubing. The
instructions may be in written, audio, or pictorial form and
may be included in a written manual and/or on an instruction
CD or DVD, MP3 file, or accessible via a network. In certain
embodiments, a training video may be included, for instance,
on a separate DVD or other medium, may be accessible via a
network, or may be included as programming on the portable
infusion device and/or remote commander. For instance, in
certain embodiments, the portable infusion device and/or
remote commander may include a training module. The train-
ing module may be included as programming accessible by
the processor of the device, wherein the software is config-
ured to instruct a user in the proper use of the device.

In certain embodiments, the programming may be interac-
tive, thus, the software may include steps of tasks (e.g., such
as loading a reservoir, entering data, or using an estimator)
that must be accomplished to show mastery of the use of the
device and/or may include additional programming that pre-
vents a user from moving on to the next step before mastering
the present steps, such programming may be automatically
erasable after the tasks of the steps have been completed
thereby expanding available memory. The programming may
include one or more of an automated mascot, an electronic
protocol, preloaded or downloadable video training, as well
as instructions for how to use the device and/or specific fea-
tures of the device. Additionally, the remote commander and/
or portable infusion device may include one or more indica-
tors and/or alarms, such as an alarm that indicates when a
command, e.g., a user input, is being received, has been
received, and/or is being or has been implemented by one or
both of the remote commander and portable infusion device.
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The indicator and/or alarm may be a visual indication, audi-
tory indication, tactile indication, and the like.

It should be noted that some or all of the suitable features,
dimensions, materials and methods of use of the GUI 166
may be used or incorporated into any other infusion system,
or components thereof, discussed herein. As discussed in an
embodiment above, the screen of the display 450 may be a
touch screen 452. For example, a touch screen 452 may have
a 320x240 pixel QVGA display, 16 bit color depth, and a
rectangular shaped display area having a diagonal length of
2.5 inches. However, the touch screen 452 display 450 of the
portable infusion device 110 may have any variation of dis-
play characteristics and configurations, e.g., 128x64 to 1280x
1024pixel resolution, 16 to 32 bit color depth, and a diagonal
display 450 length of 1 to 3 inches. The user may interact with
the touch screen 452 by touching the touch screen 452 (e.g.,
by use of finger, stylus, or other such instrument), so as to
cause a change in the display representation. The user-inter-
active touch screen 452 also assists in providing the user with
auser-friendly graphical user interface (GUI) 454, which can
be used in GUI 166 in the embodiment discussed above. In
addition, the GUI 454 may be used in combination with any
of'the infusion device embodiments described herein for con-
trolling the delivery of one or more fluids to a user, or patient.
User-friendly GUI 454 embodiments discussed herein may
include any means and/or methods for interacting with the
portable infusion device 110, or any device associated with
the portable infusion device 110, through direct manipulation
or commands.

One possible advantage of some portable infusion device
110 embodiments may be the ability to provide a user with
generally improved usability. This has been achieved by inte-
grating a user-centered GUI 454 design that may provide an
interface having at least one display screen representation or
page 456 that reduces user-error and enhances the efficiency
and user satisfaction of the device 110. It may be a benefit for
some embodiments to offer generally complex programs in a
portable infusion device 110 for assisting in the delivery of
insulin that best serve the user’s insulin needs. As discussed
above, in order to optimize the delivery of'insulin to best serve
the user’s insulin needs, a number of factors must be taken
into account for determining the user’s present and predicted
future insulin needs. Therefore, the GUI 454 of the portable
infusion device 110 may provide a user with enhanced usabil-
ity for interacting with the device 110 in order to customize
deliveries of insulin that best meet the insulin needs of the
user.

Some embodiments of the portable infusion device 110
may also include multiple other capabilities in addition to
delivering one or more medicaments (i.e., insulin). For
example, the portable infusion device may be capable of
interacting with a personal computer (PC) for uploading and
downloading data, various file types (e.g., JPEG, PDF) and
programs. The portable infusion device 110 may also access
and send information wirelessly to a PC or other electronic
device (e.g., printer, memory storage device). These func-
tions, for example, may be particularly beneficial to a user for
sending and receiving information to a physician, or upload-
ing new or upgrading current programs onto the portable
infusion device 110. Furthermore, the portable infusion
device 110 may have instructions, or accessible by the user
and/or processor 170 for converting information on the device
110 into various file formats, e.g., portable document format
(PDF), word processing documents, JPEG, etc., which may
be distributed and shared among various electronic devices.
The GUI 454 of the portable infusion device assists in
improving the usability of at least these capabilities. In addi-
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tion, some GUI 454 embodiments may be available to a user
by downloading a software application onto the user’s cell
phone and/or PDA, which would allow the user to use their
cell phone or PDA as a remote commander to the portable
infusion device 110.

Some GUI 454 embodiments discussed herein, including
the GUT 166 shown in FIG. 9A, may use a generally intuitive
interface for an improved user experience of a portable infu-
sion device 110. A user interacting with some embodiments
of'the GUI 454 may experience improved usability over past
and current infusion devices. Therefore, some embodiments
of the GUI 454 may offer an improved user efficiency, user
satisfaction, and reduction in user error when operating the
portable infusion device 110. In addition, a user interacting
with the GUI 454 of the portable infusion device may find
learning to use the device to be generally simple due, at least
in part, to a generally intuitive interface such that operating
the device 110 may be intuitive and/or learned by simply
observing the device 110.

With improved usability, a user may be enticed to interact
with the portable infusion device 110 in order to use the
device to a greater degree than what is typically experienced
with past and present infusion devices. In some cases, there is
a need for portable infusion devices with improved usability
so that users do not simply “set-it-and forget-it,” as what is
often done with other infusion devices because users may find
them too difficult, time consuming, and/or confusing to oper-
ate. When a user “sets-it and forgets-it,” the user of the infu-
sion devise relies on a small number of generally generic
delivery profiles that do not fully represent the user’s present
and future insulin needs. Therefore, some of the GUI 454
embodiments discussed herein may at least improve upon
some of the past and present deficiencies of infusion devices
by providing a portable infusion device with improved user
friendliness.

In addition, some of the GUI 454 embodiments discussed
herein may at least improve a physician and/or clinician’s
ability to respond to a patient’s needs. For example, a user of
the portable infusion device may inform a physician of a
problem the user has been experiencing, e.g., chronic fatigue,
mood swings, large swings in BG levels, etc. The physician
may then analyze any of the delivery profiles 458 pro-
grammed in the user’s device 110 to determine which of the
settings to modify in order to try and improve the user’s
wellbeing. For instance, by viewing the delivery profiles 458,
the physician may be able to determine that one of the deliv-
ery profile settings is programmed too low, which may have
been contributing to not enough insulin being delivered to the
user. Therefore, the physician may then directly modify the
setting, e.g., increase the setting value, that was determined to
be programmed too low. As will be discussed in more detail
below, some embodiments of the GUI 454 enable a user, or
the user’s physician, to view multiple settings across multiple
time spans within at least one delivery profile 458, which may
be displayed on a single touch screen 452 display 450 (as
shown by way of example in FIG. 49). Furthermore, from this
condensed view of information, a user or physician may
directly manipulate one or more of the settings displayed on
the touch screen 452 display 450. This condensed view, and
the added benefit of enabling direct manipulation of the set-
tings displayed in the condensed view, may further improve a
physician’s ability to respond efficiently and effectively to a
patient’s needs.

At least a part of the GUI 454 includes an information
architecture 460 and a hierarchy of pages (or display repre-
sentations) 456 that assist the portable infusion device 110 in
interacting with the user by collecting and displaying infor-
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mation, as well as guide a user on how to use the device 110.
The information architecture 460 may provide a general road-
map for accessing a variety of programs and information
accessible by the control unit, or processor 170, of the por-
table infusion device 110. A user is generally able to interact
with the GUI 454 to set up, for example, customizable insulin
delivery profiles 458 based on the user’s current and predicted
future insulin needs. This may be accomplished, at least in
part, by a user navigating through one or more infusion work-
flows, or protocols embedded within a program accessible by
the processor 170 of the portable infusion device 110.

An infusion workflow 464, or protocol, may be at least part
of a program that, when executed by the processor, assists a
user to at least program or control the portable infusion device
110 and/or at least one operation comprising enter, change,
confirm, or view various information within the device 110.
Any part of a workflow 464 or protocol may include any
number of queries for prompting the user to enter, modify, or
confirm information, which are typically presented to the user
on the display.

For example, a program accessible by the processor that
includes an infusion workflow 464 or protocol may enable a
user to program the portable infusion device to deliver insulin
to the user. In addition, an infusion workflow 464, or protocol,
may present the user with a number of understandable queries
for allowing the user to enter, confirm or modify information
regarding the physiological conditions of the user. For
instance, queries presented to a user during the executionof'a
program may enable a user to set various settings within the
portable infusion device (e.g., the time, date, or one or more
alarms) and/or enter information about a users present or
predicted conditions (e.g., blood glucose level, physiological
conditions, food to be ingested, etc).

In some embodiments, the linear approach of a workflow
464, or protocol, for programming the portable infusion
device is at least limited. As an alternative approach, the user
is instead provided with a virtual form 462 displayed on the
touch screen 452 display 450 for the user to complete. A
virtual form 462 enables a user to directly select and manipu-
late one or more parts of a displayed virtual form 462, with
each part generally representing a setting. In this way, a user
is not required to navigate through a generally linear work-
flow 464 or protocol and/or prompted with a series of queries.
Instead, the user is presented with generally a single page 456
where the user completes the virtual form 462 in order to
initiate a programmed delivery of insulin, as will be discussed
in greater detail below and shown by way of example in FIGS.
53A-53C and 48-49.

Some GUI page 456 or screen representation embodiments
of'the GUI page hierarchy enable a user to easily access and
view one or more settings and information within the portable
infusion device. A single page 456 may include one or more
objects 466 simultaneously presented on the touch screen
452, where an object 466 may be any number of text, num-
bers, graphs, pictures, video, or combination thereof which
display understandable information to a user. The informa-
tion may have been entered by a user and/or presented by the
portable infusion device 110, and may at least be one of
information regarding the amount of insulin already present
in the body, e.g., insulin on board; blood glucose level; trend-
ing glucose level; insulin sensitivity/insensitivity; glycemic
index; metabolism; metabolic rate; stress level; physiological
conditions, e.g., age, health, sickness, diurnal cycles, etc;
measurable parameters: hormones, steroids, etc.; pharmaco-
kinetics of the medicament, e.g., age of insulin, decay rate,
etc.; food to be ingested, e.g., carbohydrates, proteins, fat;
activity; use history; calendared events; environment, e.g.,
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temperature, humidity, pressure, etc.; and the like. An object
466 may represent any number of information without
departing from the scope herein, and may also be in the form
of'a pictogram to generally intuitively represent, for example,
a program, file, user, setting, status, profile, action or other
entity discussed herein.

Furthermore, any object 466 may be a soft key so that when
the user touches the object soft key, the “selection” of the
object 466 is communicated to the processor. How the pro-
cessor 170 interprets the selection of an object 466 depends,
at least in part, on which program is currently executing and
what the selected object 466 represents. For instance, selec-
tion of an object 466 may be processed by the processor 170
such that the user is given an opportunity to modify displayed
information, or the user may be directed to another page 456
within the GUI page hierarchy. Various examples of pro-
grams, workflows 464, displayed objects 466, and user selec-
tions of objects 466 displayed on the portable infusion device
110 display 450 will be described in more detail below.

By way of one example, an object 466 displayed on the
touch screen 452 may represent the number of units of insulin
programmed to be delivered to the user. In addition, this
object 466 may be a soft key so that when the user selects the
object 466, the user is given the opportunity to modify the
number of units of insulin programmed to be delivered to the
user. The number may be modified by a variety of operations.
For example, the display may show a virtual keyboard or
keypad 500 for actuation, or may receive input through multi-
touch techniques, or may receive input through actuation of a
physical button or keypad (not shown). One possible advan-
tage of some embodiments may be that multiple objects 466
may be simultaneously displayed on the touch screen 452 of
the portable infusion device 110, including any one of which
may be a soft key, so that any one of the multiple modifiable
objects 466 simultaneously displayed may be directly
manipulated by a user. Moreover, the user can view values of
multiple parameters, such as parameters comprising a deliv-
ery profile 458, on a single display screen 450 or page 456.
Therefore, a user is not limited to having to scroll through
more than one page 456 to view, enter, or change, for
example, a value, range, graph, or any object 466 representing
any number of information entered by the user or presented
by the portable infusion device 110.

GUI 454 embodiments of the portable infusion device may
serve multiple purposes, including informing the user about
various settings, activities, and/or statuses relating to the
device, as well as providing a means for the user to enter,
confirm, and/or modify displayed settings and/or values. Fur-
thermore, the GUI 454 may also provide the user with video
or animated graphics to enhance the ability to instruct or
inform a user and improve usability. For example, animated
graphics and/or video may be displayed on the touch screen
452 to assist in instructing the user on how to operate the
portable infusion device 110, such as load insulin into the
device 100.

The GUI 454 of the portable infusion device 110 may also
include any number of features for assisting in preventing the
user from entering, changing, or accepting any information
that may be incorrect. For example, the user may be presented
with confirmation pages and/or queries where the user is
required to confirm one or more presented information. Some
GUI embodiments of the portable infusion device may also
prevent the user from selecting one or more objects 466
displayed on the touch screen 452 in order to prevent the user
from selecting or entering incorrect information, as will be
discussed in more detail below. Some GUI embodiments of
the portable infusion device may prevent unauthorized access



US 9,211,377 B2

63

to accommodate at least privacy, HIPPA regulations, and/or
other concerns. For example, passwords, biometric sensors,
etc., could be incorporated in the portable infusion device
system as well as encrypted processors and data transmission
to assist in added security and/or privacy of the device.

GUI 454 embodiments may also interact with a variety of
pre-programmed or user programmed alarms integrated in
the portable infusion device 110 for at least assisting in alert-
ing the user and/or preventing user error. For instance, the
portable infusion device may utilize the GUI 454 to present
important information to the user as to the status of the device
(e.g., battery life, remaining medicament in the cartridge,
occlusion in the fluid line, etc). For example, the portable
infusion device 110 may warn the user by changing one or
more colors on the display screen 450 of the portable infusion
device 110 to alert the user. Alternatively, or in combination,
the portable infusion device 110 may alert the user by sound-
ing an alarm (e.g., a beeping noise) or vibrating the device.
The user may program the portable infusion device 110 to
alert the user for various reasons relating to at least one of a
physiological measurement and/or a portable infusion device
status. For example, in the context of insulin delivery, a user
may program the portable infusion device to alert the user
when a predetermined amount of insulin, e.g., one hundred
units, fifty units, twenty-five units, or any number of units of
insulin remain in the portable infusion device for dispensing.

Turning now to the figures, FI1G. 26 illustrates one embodi-
ment of an information architecture 460, which illustrates at
least a part of the GUI page 456 hierarchy, the interconnect-
edness of information within the device 110, and program-
mable settings of the portable infusion device 110 accessible
by a user. Generally, in FIG. 26, the display screen 450 of each
page 456 at a level of the hierarchy includes display objects
466 representing all of the objects 466 in the hierarchy level
immediately below so that selecting one page will produce a
screen or page 456 display with objects 466 that will allow
navigation to the next lower level. In general, each display
450 will also include at least one object 466 for selection to
return to the previous level in the hierarchy, and/or a physical
“back” button may provide the same functionality. The infor-
mation architecture 460 illustrated in FIG. 26, although
shown in a configuration suitable for delivery of medicament
such as insulin, is not meant to be exhaustive, and is, instead,
a broad exemplary representation of some of the information
and settings of the portable infusion device 110 accessible by
a user. In addition, and shown surrounded in dashed-lines at
the bottom of FIG. 26, the portable infusion device may
include a number of various GUI features and functions 470,
e.g., graphs, indicators, alerts, etc., which may be generally
embedded and accessible by a user within the information
architecture 460.

The “home” 472 location of the FIG. 26 information archi-
tecture 460 may represent a home screen page 474 on the
display screen 450, as shown by way of example in FIG. 27.
The home location 472 of the information architecture 460, or
the home screen page 474, generally serves as the starting
point for a user to access any information, program, or setting
embedded within the information architecture 460, or GUI
page 456 hierarchy. The home screen 474 is typically the
screen representative or page 456 that is displayed to the user
upon applying power or switching on the device 110. Any
information displayed in the information architecture 460
may be displayed in at least part of a page 456 within the GUI
page 456 hierarchy.

FIG. 27 illustrates one embodiment of a home screen page
474 displaying various objects 466, including a time object
476 (displaying the time and date), options object 478 (a
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menu option), a status indicator object 480 (displaying device
status information, e.g., battery life), bolus delivery object
482 (initiates a bolus delivery program), blood glucose (BG)
object 484 (directs user to deliver insulin based on BG level),
insulin on board (I0B) object 486 (displays how much insulin
remains in user’s body over a period of time due to the
delivery of one or more boluses), and a delivery profile object
488 (displays various information regarding insulin delivered
to user). Any one of the displayed objects 466 on the home
screen page 474 may be a soft key so that when a user selects
any one of the objects 466, such as by touching the object with
afinger or stylus, the processor 170 receives the selection and
performs operations that execute instructions and/or receive
further input, so the user is able to at least do one or more of
the following; modify the object 466, be directed to a new
page 456, or initiate a workflow 464 or protocol of a program.
GUI 454 embodiments may provide a user with the ability to
view and/or select multiple objects 466 simultaneously dis-
played on the touch screen 452 display 450 of the portable
infusion device 110. In contrast, a user of an infusion device
110 without the capability of simultaneously displaying mul-
tiple selectable objects 466 would have to maneuver though
multiple display screen representations 456 to accomplish
what is readily available on a single page 456 of the present
GUI page 456 hierarchy.

FIG. 28 illustrates an embodiment of a bolus object 482,
which may be displayed on at least the home screen page 474.
The bolus object 482 may be a soft key so that when selected
by the user the processor initiates execution of a bolus deliv-
ery program that allows a user to setup a bolus delivery of
insulin. Furthermore, the bolus delivery program may include
a bolus workflow 490 or protocol which may, in combination
with the processor 170 and memory 172 of the portable infu-
sion device 110, present the user with pages 456 or screen
representations having a number of queries and information
for setting up an appropriate bolus of insulin to be delivered to
the user.

In addition, once a bolus delivery has been setup, a bolus
object 482 may also include a bolus status indicator 492 that
provides feedback to the user regarding the programmed
bolus delivery of insulin. For example, the status indicator
492 may provide feedback as to how much of the bolus has
been delivered to the user. The bolus status indicator 492 may
display the total bolus volume of insulin to be delivered
(shown by way of example as 0.7 units). The bolus status
indicator may also provide animated feedback, such as an
animated indicator line 494 or bar that moves in a generally
intuitive manner such that the status of the bolus delivery is
generally understood by the user. Furthermore, feedback may
be provided to a user for any number of reasons and may be
portrayed to a user in various configurations, e.g., one or more
blinking lights, color changes on the display 450, etc.

For example, the animated indicator line 494 may travel
from one side to the other of the bolus status indicator 492 as
the bolus is delivered to the user. By way of further example,
as the animated indicator line 494 moves, the color on one
side of the animated indicator line 494 may be a different
color than the other side such that it is generally intuitive to a
user as to the status of the bolus delivery. Therefore, the bolus
status indicator 492 may provide efficient and user-friendly
information that is easily accessible for a user to view and
understand the status of a insulin being delivered.

FIG. 29 illustrates one embodiment of a bolus workflow
490 comprised of a number of interrelated pages 456 and
pages displaying queries for enabling the user to program the
portable infusion device 110 to deliver an appropriate bolus of
insulin. The bolus workflow 490 may be initiated from the
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home screen page 474 in response to the user selecting the
bolus object 482 soft key on the touch screen 452. Once the
user selects the bolus object soft key 482, the processor 170
may load a bolus delivery program that provides instructions
to the processor 170 for guiding a user through the bolus
workflow 490. For instance, once the processor 170 is execut-
ing the bolus delivery program, the program will present the
user with a page such as the insulin entry page 496 as illus-
trated in FIG. 31, that provides the user with a first query 498
of the bolus workflow 490. The first query 498 of the bolus
workflow 490 may ask the user to either enter the approxi-
mate amount of carbohydrates (e.g., in grams) the user pre-
dicts to consume, or the volume of insulin (e.g., in units) the
user would like delivered as shown in FIG. 31.

A user may enter the amount of carbs or volume of insulin
in order to assist in programming the portable infusion device
to deliver generally an appropriate bolus of insulin based on
the amount of food the user has predicted to consume, which
may also be referred to as the food or meal bolus. Ifthe device
110 is programmed for the user to enter the number of carbs,
the processor 170 may use a carb ratio (the amount of insulin
delivered for every X number of carbohydrates consumed) to
determine the food bolus of insulin to deliver to the user. In
addition, a user may program the device 110 to prompt the
user to enter any one or more of a variety of information to
determine an appropriate food bolus, which may generally
depend on the type of information the user wants to enter. For
example, the user may program the device 110 to prompt the
user to enter a blood glucose level and the number of carbs
predicted to be consumed for programming a food bolus.
Therefore, the portable infusion device 110 enables a user to
customize the device 110 regarding what type of information
the user will be prompted to enter for programming at least a
bolus of insulin.

FIG. 31 illustrates one embodiment of a virtual keypad 500
which may be displayed on the touch screen 452 for allowing
auser to input information. A virtual keypad 500 may include
one or more user-interactive virtual keys 502 that enable a
user to select one or more of the virtual keys 502 to enter
information associated with each virtual key 502. A virtual
keypad 500 may be presented to a user on the display 450
anytime the user selects to enter or modify, or is requested to
enter or modify, any one of the multiple settings and/or entries
stored on the portable infusion device 110. One or more
virtual keys 502 illustrated in FIG. 31 are shown as relating
generally to various numbers and a decimal.

Additionally, and shown by way of example in FIG. 35, a
virtual keypad or keyboard 500 may include one or more
virtual keys 502 relating to one or more letters and/or num-
bers. A virtual key 502 relating to one or more various input,
e.g., number, letter, symbol, etc., as shown in some of the
virtual keys 502 in FIG. 35, a may perform various interac-
tions with these virtual keys 502 to cause a particular input to
be made. For example, a user may sequentially tap, or select,
avirtual key 502 one or more times to cause various entries to
be made. By way of further example, a user may touch a
virtual key 502 one time to input the letter “a,” or may touch
the same virtual key 502 two times to input the letter “b.” Any
number of user interactions with virtual keys 502 to cause
various types and forms of input may be used to at least
improve usability of the portable infusion device 110.

For instance, a virtual keypad 500 may be presented with
queries in the text entry field 504 (such as the “enter insulin”
query presented in the test field in FIG. 31) which may allow
a user intuitively to respond to the query by selecting one or
more of the virtual keys 502. As the user selects a virtual key
502, the information associated with the selected virtual key
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502 is displayed in the text entry field 504. This provides the
user with the ability to view the information selected and
decide to delete or enter the selected information. Therefore,
the virtual keypad 500 offers a user an efficient and intuitive
means for entering information.

Although the virtual keypad 500 illustrated in FIG. 31
shows an “enter insulin” query in the text entry field 504, any
number of text may be displayed in the text entry field 504 for
either prompting or requesting information from a user. Fur-
thermore, the virtual keys 502 may display and relate to any
one of several types of user input, e.g., letters, numbers,
symbols, text, pictograms, etc. for allowing a user to enter a
variety of information into the portable infusion device 110.
Additionally, an enter object 506, a delete object 508, and one
or more navigation objects 510 (e.g., back, skip, next) may be
presented as part of, or in combination with, the virtual key-
pad 500 for allowing a user to navigate to another page.
Navigation objects 510, e.g., back, skip, and next, assist in
enabling the user to easily navigate through a series of inter-
connected pages 456, such as in the bolus delivery worktlow
490, and may be presented on any page within the GUI page
456 hierarchy.

As illustrated in FIG. 29, once the user either skips or enters
a selected entry in response to the first query 498 of the bolus
workflow 490, the user is presented with a second query 512.
The second query 512 asks the user if the user would like to
enter a blood glucose level into the system. Ifthe user chooses
not to enter a blood glucose level, the user is directed to a
bolus confirmation page 514, as shown in FIG. 30. If the user
chooses to enter a blood glucose level, the user is directed to
a third query 516 where the user is asked to enter a blood
glucose level. A user would then enter a blood glucose level
that the user, for example, obtained from a blood glucose
measuring tool. As discussed above, the user may be pre-
sented with a virtual keypad 500 for entering a blood glucose
level.

Alternatively, the portable infusion device 110 may include
a feature that either continuously or selectively reads the
user’s blood glucose level directly. If the portable infusion
device 110 includes such a feature, the user would not have to
enter a blood glucose level and would not be presented with
the third query 516. Instead, the blood glucose monitoring
feature would input the user’s blood glucose level automati-
cally into a workflow or protocol, as necessary, or simply
require the user to confirm a blood glucose level gathered
from the blood glucose monitoring feature.

The fourth query 518 of the bolus workflow, may ask the
user whether the user would like a correction bolus. A cor-
rection bolus may be used to deliver additional insulin in
order to reach the user’s programmed target BG level (the BG
level the user would generally optimally like to have). If the
user chooses not to have a correction bolus, the user is
directed to a bolus confirmation page 514, as shown in FIG.
30. If the user chooses to have a correction bolus, the user is
directed to a fifth query 520 asking the user to enter an
appropriate correction bolus, or confirm a stored correction
bolus.

Once the user has either skipped or entered information for
at least one of the first five queries 498, 512, 516, 518, 520 of
the bolus workflow 490, the user is presented with a bolus
confirmation page 514. FIG. 30 illustrates one embodiment of
a bolus confirmation page displaying a standard bolus object
522, extended bolus object 524, status indicator object 480,
cal/enter insulin object 526, correction bolus object 528, IOB
object 486, and total units object 530—any one of which
display information either entered or confirmed by the user, or
processed by the processor 170 based on any one of an
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entered, sensed, stored or confirmed information. More spe-
cifically, the standard bolus and extended bolus object 522
and 524 may be selected by a user for initiating a standard or
extended bolus delivery of insulin, respectively. The status
indicator object 480 may provide information to the user
regarding the status of the portable infusion device 110,
which will be discussed in greater detail below. The cal/enter
insulin object 526 may display the amount of insulin calcu-
lated based on the expected consumption of carbohydrates or
the number of units of insulin to be delivered entered by the
user. The IOB object 486 may display information to a user
regarding the amount of insulin that has been delivered to the
user in the form of a bolus, and the general amount oftime the
user’s body will need in order to metabolize that insulin.

One benefit of embodiments discussed herein may be that
any one of the objects presented on the bolus confirmation
page 514 may be a soft key for allowing a user to modify any
one of the objects as well as decide whether a standard or
extended bolus is the appropriate delivery profile. For
example, the total units object 530 displayed on the bolus
confirmation page 514 may be a soft key so that when a user
touches, or selects, the total units object 530, the user is then
able to modify the total units of insulin programmed to be
delivered.

By way of further example, if the user touches the total
units object 530, the user may be directed to a new page 456
displaying a virtual keypad 500 to enable a user to enter an
appropriate number. Once the user enters an appropriate num-
ber, the user would then be directed back to the bolus confir-
mation page 514. Alternatively, the user may not be directed
away from the bolus confirmation page 514 to modify an
object. For example, a user may touch either the total units
object 530 on the bolus confirmation page 514 and be given a
visual or audible indicator (e.g., flashing total units object, a
color change of the total units object, and/or an audible indi-
cator) to inform the user that the total units of insulin may be
altered. The user may then touch the “plus” object 532 or
“minus” object 534 (as shown in FIG. 30) to cause the total
units of insulin to incrementally increase or decrease, respec-
tively. A plus object 532 and minus object 534 may be dis-
played on any page 456 necessary, and may be displayed
instead of, or in combination with, a virtual keypad 500 for
entering information. One advantage of the virtual keypad
500 is that the user may enter a value for a setting with greater
resolution in comparison to selecting “plus” and “minus”
objects 532 and 534 on the touch screen 452 display 450 that
are set to increase or decrease, respectively, at generally spe-
cific increments.

By way of another example, a user may select the edit
object 536 soft key on the bolus confirmation page 514 which
allows the user to alter one or more subsequently touched
objects 466 displayed on the bolus confirmation page 514. An
edit object 536 soft key may be displayed on any page 456 in
the GUI page hierarchy for modifying one or more modifiable
objects 466, as described above. Furthermore, any modifiable
object displayed on the touch screen 452 display 450 of the
portable infusion device 110 may be selected and modified by
a user using any method and/or means described herein.

As discussed above, the bolus confirmation page 514 dis-
plays more than one modifiable object generally related to the
programmed delivery of a bolus of insulin to a user. One
possible advantage of some GUI embodiments of the portable
infusion pump may be the ability to view and directly modify
more than one modifiable object displayed on the touch
screen 452. Because GUI 454 embodiments may be able to
display multiple settings that may be directly manipulated by
the user, the user is not required to memorize stored entries
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and navigate through multiple pages 456 to at least view or
modify a setting. The ability of the GUI 454 of the portable
infusion device 110 to provide this feature may improve the
usability of the device and reduce user error.

In addition, the bolus confirmation page 514 also offers the
user the option to select a standard or extended bolus by
touching either the standard bolus object 522 or extended
bolus object 524, respectively. As illustrated in the bolus
workflow 490 example FIG. 29, a sixth query 538 is generally
presented on the bolus confirmation page, which asks the user
to choose between a standard or extended bolus of insulin.
Generally, a standard bolus delivers the programmed volume
of insulin immediately upon completion of the bolus delivery
set-up, and an extended bolus allows a user to program the
portable infusion device to deliver the bolus over a defined
duration.

If the user chooses a standard bolus (e.g., by selecting the
standard bolus object 522 followed by the deliver object 540),
the user may then be presented with a bolus delivery confir-
mation page where the total units of insulin to be delivered to
the user is displayed along with a countdown timer 542 and a
cancel object. The countdown timer 542 may begin at any
time duration, either set by the user or pre-programmed in the
portable infusion device 110, to allow the user some time to
cancel the delivery of the bolus, e.g., by selecting the cancel
object. The countdown timer appears on the display 450 and
begins to countdown to zero at about the same time the bolus
delivery confirmation page appears on the touch screen 452.
By way of further example, the countdown timer 542 may
begin at five seconds, thus giving the user about five seconds
to decide whether to select the cancel object to cancel the
programmed bolus delivery of insulin.

Once the countdown timer 542 counts down to zero time,
the processor 170 instructs the delivery mechanism 384 or
132 of the portable infusion device 110 to deliver the pro-
grammed bolus of insulin to the user. If an emergency exists,
for example, and the user wants to attempt to stop the insulin
being delivered to the user after the countdown timer reaches
zero, the user may hard-stop the portable infusion device by
powering off the device. The countdown timer 542, along
with the displayed total volume of insulin to be delivered and
a cancel object 544, may provide a user with a further oppor-
tunity, in addition to the bolus confirmation page, to generally
ensure a proper amount of insulin is being delivered to the
user. A countdown timer 542, along with a cancel object 544,
may be displayed to a user on the touch screen 452 display
450 prior to any delivery of insulin to a user and is not limited
to only prior to the delivery of a standard bolus. It may be a
benefit of some embodiments to provide the user with mul-
tiple opportunities to view and modify insulin delivery set-
tings in order to at least improve the usability and reduce user
error of the portable infusion device 110.

Alternatively, to the standard bolus, the user may choose to
have an extended bolus delivered (e.g., by sequentially select-
ing the extended bolus object 524 followed by the deliver
object 540 on the bolus confirmation page 514). The user may
then be directed to an extended bolus setup page 546 where
the user is presented with multiple modifiable objects repre-
senting settings relating to the delivery of an extended bolus.
FIG. 32 illustrates one example of an extended bolus setup
page 546, including a total units object 530 (displaying the
total units of insulin to be delivered), duration object 548
(displaying the duration that an extended bolus will be deliv-
ered), insulin now object 550 (displaying the units of insulin
to be delivered generally immediately after setup of the
extended bolus), and an insulin extended object 552 (display-
ing the units of insulin to be delivered over the defined dura-
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tion)—any one of which may be a soft key, so that when
selected a user can modify the selected object. Any one of the
modifiable objects may be modified by at least any one of the
methods described herein for modifying an object, e.g.,
selecting user-interactive plus and minus objects 532 and 534
to increase or decrease, respectively, object 466 values; direct
user entry by way of selecting one or more of a letter, number,
or symbol displayed on the touch screen 452 display 450 in
the form of a virtual keypad 500; or user selection of an edit
object 536 whereby subsequent object selections allows the
user to modify the objects 466.

A user who decides to have an extended bolus of insulin
delivered may define a number of units to be delivered imme-
diately upon completion of the extended bolus delivery setup,
as well as a defined number of units delivered over a defined
duration. This customizable delivery profile may benefit the
user by delivering insulin generally more equivalent to the
user’s insulin needs over a period of time, which may be due
to any one of the various factors influencing a body’s insulin
needs, as described above.

One advantage of a portable infusion pump 110 for medi-
cament delivery in general and specifically in the context of
insulin is the ability to deliver such complex and customiz-
able insulin delivery profiles 458 to a user that would be
extraordinarily difficult, if not impossible, to achieve with
standard syringe delivery methods currently used by a sig-
nificant number of diabetics. As the complexity and customi-
zation of insulin delivery devices increase in order to provide
users with improved delivery profiles, so may the user errors.
Again, it may be a benefit of some embodiments to provide a
GUI 454 with improved usability, which include the ability to
simultaneously present multiple modifiable settings fora user
to either view or modify. Therefore, this may allow embodi-
ments of the portable infusion device 110 to provide the user
with complex insulin delivery profiles 458 that generally
better serve the user’s insulin needs, while also reducing user
error by providing the user with condensed and easily modi-
fiable information pertinent to the delivery profiles 458.

Similar to the standard bolus setup described in the
example above, once a user has completed viewing and modi-
fying any information presented on the extended bolus setup
page 546, the user may select the deliver object 540 to initiate
the delivery of the extended bolus. As illustrated in FIG. 33,
the user may then be presented with an extended bolus deliv-
ery confirmation page 556 where information pertinent to the
programmed extended bolus is displayed (e.g., total units of
insulin, units of insulin to be delivered generally immediately
after delivery setup, units of insulin to be delivered over an
extended duration, the duration over which the extended
bolus will be delivered, etc.). In addition, a confirm object 558
and cancel object 544 are displayed to allow a user to either
confirm or cancel the extended bolus programmed in the
portable infusion device for delivery. The user may select the
confirm object 558 to initiate delivery, at which time a count-
down timer 542 appears on the touch screen 452 (as shown in
FIG. 33) and gives the user another opportunity to select the
cancel object 544 to cancel the programmed delivery of insu-
lin, as described above. Once the countdown timer 542 counts
down to zero, the processor 170 instructs the delivery mecha-
nism of the portable infusion device 110 to deliver the pro-
grammed extended bolus of insulin to the user.

Another feature of the portable infusion device 110 for
assisting in preventing an undesired volume of insulin deliv-
ered to a user is referred to herein as the dynamic error
prevention feature 560. The dynamic error prevention feature
560 of embodiments may assist in preventing a user from
incorrectly selecting one or more objects 466 displayed on the
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touch screen 452 display 450. For example, and illustrated in
the insulin delivery example of FIG. 34, a virtual numeric
keypad 500 may be displayed on a display screen 450 which
include number and symbol object soft keys (displayed as
virtual keys 502) for user selection. However, any one of the
virtual keys 502 may be deactivated such that when a user
touches the deactivated object 562, it is generally not com-
municated to the processor 170 as an entry. At least one object
appearing on the display 450 will be a soft key so that when
selected, the processor 170 will be informed of the selection
for subsequent processing. The deactivated objects 562 may
ensure that a user does not accidently enter in a value that is
too large or too small based on information known by the
portable infusion device 110, for example, either as pre-pro-
grammed or user defined limits. The de-activation and acti-
vation of objects 466 presented on the touch screen 452 for
user selection is dynamic and may change subsequent one or
more selections by a user on the touch screen 452.

For instance, in the context of insulin delivery, the user may
have programmed the portable infusion device 110 to limit
the allowable volume of insulin to be delivered over a speci-
fied duration. Therefore, if the user programmed the portable
infusion device 110 not to allow more than twenty-five units
of'insulin to be delivered over the period of an hour, the virtual
keyboard 500 would not allow the user to initially select any
of' the virtual keys 502 corresponding to a value greater than
two. If the user selected a virtual key 502 displaying a one or
atwo, the number would appear, for example, in the text field
504 on the display 450. However, if the user attempted to
selectan object 466 displaying a number three, or greater than
three, either no number would appear in the text field 504
and/or a warning may be displayed on the display 450 for
informing the user that the selection is not acceptable.
Because this feature is dynamic, after the user selects an
acceptable entry, the deactivated and activated objects may
change. Therefore, ifthe user selects an object 466 displaying
aone or atwo, as described above, any object 466 displaying
anumber less than or equal to five would be activated for user
selection while any object 466 displaying a number greater
than five would be deactivated. Therefore the user would be
prevented from entering a value greater than twenty-five, as
previously defined by the user. Furthermore, after the user
selects a second acceptable entry, at least all of the numeric
virtual keys 502 would be deactivated such that the user
would only be able to select the delete 508, enter 506, back
510 or skip 510 objects in order to prevent the user from
selecting an entry greater than twenty-five. Therefore, the
dynamic error prevention feature 560 assists in preventing the
user from entering an undesired value, and may be used to
generally limit a user’s available selections on the touch
screen 452 display 450. In addition, the dynamic error pre-
vention feature 560 advantageously assists in relieving the
user from having to read an error message and then go back
and re-enter a new setting value. This may benefit the user by
eliminating time wasted due to entering values that are pro-
grammed to be unacceptable.

The dynamic error prevention feature 560 may also
improve usability by relieving the user from having to recall
what had been previously determined to be appropriate limits
of various settings, for example, while being consulted by a
physician. Therefore, a physician, physician’s assistant,
nurse, certified diabetes educator, etc., may assist a user of the
portable infusion device to store acceptable parameters to any
number of settings modifiable by a user so thata user does not
later attempt to program a user modifiable setting that is out of
the user’s appropriate range.
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In addition, some GUI 454 embodiments may display the
activated and deactivated objects such that they are visually
distinct from each other to a user viewing the display. For
example, the deactivated objects 562 may appear darker in
color and/or less illuminated than the objects acceptable for
selection. The visual distinction may assist in preventing a
user from wasting time attempting to select objects that are
deactivated and unable to select this may improve the effi-
ciency and user satisfaction of the portable infusion device
110.

FIG. 34 illustrates an example of the dynamic error pre-
vention feature 560 in the context of insulin delivery by
showing a virtual keypad 500 displayed on the touch screen
display. The virtual keys 502 displaying a decimal and num-
bers less than two and greater than six are displayed darkened
relative to other objects (shown schematically in FIG. 34 as
hash marks) in order to visually indicate to a user that those
objects are unacceptable for selection. Objects displaying
numbers two through six are displayed in higher relative
contrast or in different colors, brightness levels, or combina-
tions thereof, in order to visually indicate to a user that those
objects are acceptable for selection. Any number of visual or
audible indicators may be used to assist in making objects
acceptable for selection distinct from objects not acceptable
for selection without departing from the scope herein.

FIGS. 36-38 illustrate additional embodiments of the home
screen page 564, 566 and 568 that may be displayed on the
touch screen display of the portable infusion device in the
context of insulin delivery. A user may select among various
configurations and/or displayed information to have as the
user’s home screen page, which may be continually changed
as desired or necessary. For instance, the user may select from
avariety of delivery profile objects 488 that may be displayed,
for example, in the bottom portion of the display screen 450,
such as the pump status object shown in FIG. 36. The ability
for a user to generally customize the information presented on
the home screen page generally improves the usability of the
portable infusion device.

A delivery profile object 488 may display one or more
items of information relating to the history, current status,
and/or programmed future status of the delivery of insulin
from the portable infusion device 110. In addition, the one or
more items of information displayed within a delivery profile
object 488 may be presented in numerical, textual, graphical
and/or symbolic form. Additionally, as described above,
where at least a part of the display 450 is configured for
graphical representation 570, the graphic representation 570
may be configured for manipulation by a user touching or
otherwise “clicking” the representation 570 and dragging the
representation 570 in a predefined manner so as to change the
form, e.g., height, width, shape, etc. of the representation.

A delivery profile object 488 may display information
relating to the status of the pump, where the user is informed
that all deliveries have been stopped, or what name or type of
delivery profile 458, or personal profile, is currently being
delivered to the user. As illustrated by way of example for
insulin delivery in FIG. 37, the delivery profile object 488
(shown labeled as “IOB”) may display information relating to
the amount of insulin that has, and will be, in the user’s body
as a result of one or more boluses of insulin delivered to the
user over a given amount of time. Furthermore, the IOB
information may be displayed in numerical, textual, graphical
and/or symbolic form. FIG. 38 illustrates an example in the
context of insulin delivery of the user’s IOB information
displayed in graphical form 570 in the delivery profile object.
By presenting this information in graphical form 570, a user
may at least easily visualize the decay rate of insulin remain-
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ing in the user’s body over a generally defined duration of
time (based on the personal and/or delivery profiles of insulin
programmed to be delivered to a user over the defined dura-
tion of time).

In general, a user may select among different home screen
page representations and configurations for displaying vari-
ous information in a variety of forms, e.g., graphical, numeri-
cal, textual, symbolical. This feature enables the user to cus-
tomize the home screen page 474, 564, 566, 568 so that it
generally displays information that is of particular interest to
the user. Additionally, it allows the user some freedom to
select what information the user would like to view in com-
bination on the display screen 450. As discussed above, it may
be a benefit of some embodiments to provide the user with the
ability to view multiple selectable and/or modifiable objects
466 simultaneously displayed on the display screen 450 for
comparing and directly manipulating one or more of the
displayed information. A user may access a setup screen or
initiate an administrative process that provides the user with
options 572 for setup, as indicated in the hierarchy of FIG. 26.

FIG. 39 illustrates an embodiment of a home screen page
574 further illustrating an embodiment of a device status
indicator 480. A device status indicator 480 for insulin deliv-
ery that may be advantageously configured such that it is
compact enough to be displayed on most pages 456 of the
GUI 454 page 456 hierarchy and provide generally more vital
information regarding the status of the device 110. For
example, and as shown in FIGS. 39 and 40, a device status
indicator 480 may display information regarding device 110
conditions, such as the amount of insulin and battery power
remaining in the portable infusion device. A device status
indicator may display any variation of numbers, text, and/or
symbols for indicating to a user the status of various device
conditions. Additionally, a device status indicator 480 may
show one or more indicator bars 576 that may, for example,
light up and/or change color to indicate to a user the condition
of each status.

For instance, when the portable infusion device 110 is
generally fully charged, all four of the indicator bars 576 may
be a particular color and/or illuminated such that it is gener-
ally intuitive to a user that the portable infusion device 110 is
fully charged. As the portable infusion device 110 consumes
power, one or more indicator bars 576 may change in appear-
ance, such as its color, brightness, or it may no longer illumi-
nate. This change in appearance allows the user intuitively to
understand that the portable infusion pump is no longer fully
charged, as well as approximately how much battery life
remains (e.g., percentage of full charge or time remaining) in
the device. In addition to symbolic identifiers, such as indi-
cator bars 576, any number of numerical, textual, symbolic
and/or graphical representations may be displayed in the
delivery status indicator for informing a user as to the status of
any number of conditions of the portable infusion device.

Some portable infusion device embodiments may also alert
auser (e.g., sound a noise, vibrate the device, flash the display
screen) when the status of any number of device conditions
reach a pre-programmed or user-defined condition level, or
condition state. For example, the user may program the por-
table infusion device 110 to alert the user when the cartridge
contains less than fifty units of insulin. By way of further
example, the portable infusion device may also alert a user by
any means described herein to inform the user when a pro-
grammed delivery of insulin is interrupted for any reason; that
the maximum allowable delivery of insulin for a user has been
reached, that a user profile and/or insulin delivery profile
setup information is incomplete, that the insulin cartridge was
not correctly loaded into the housing, that the insulin car-
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tridge is empty, that there is an occlusion preventing delivery,
that the system is malfunctioning, and/or any condition
appropriate for alerting a user as to the status of the portable
infusion device 110. Any one of the alerts may be customized
by the user to alert at user-defined condition levels, or condi-
tional states, in generally any way that the user prefers (e.g.,
vibrate the device, sound a noise, flashing display, etc.). As
broadly illustrated by way of example in the information
architecture 460 in FIG. 26, a user may setup one or more of
the alerts discussed herein by selecting the options object 478
on the home screen page 474, then selecting the “my pump”
object 578 on the options page. The user may then be directed
to a “my pump” (not shown) page where a user may select an
alert settings object, which may then direct a user to setting up
one or more alert settings, as discussed above.

FIG. 44 illustrates one example of an alert page 580 which
may appear on the display screen 450 alone or in combination
with any of the alerts described above to alert a user as to any
number of conditions. An alert page 580 may include one or
more text, graphics, animation and/or video for informing a
user as to the alert being made. Additionally, different fea-
tures and/or colors may be applied to particular information
displayed on the display screen for emphasizing the informa-
tion. For example, the current BG object 582 (displaying the
user’s current blood glucose level), as shown in FIG. 44, may
be displayed in red in order to further direct the user’s atten-
tion to the information causing the alert, such as a high blood
glucose (BG). Furthermore, a user may be able to directly
modify a displayed modifiable object associated with infor-
mation either directly or indirectly related to the alert being
made. Therefore, the user may be able to efficiently learn and
repair (e.g., by selecting the correct object on alert page 580
to correct the error by any means described herein for entering
and/or modifying a setting or value) the condition which
caused the portable infusion device 110 to display an alert on
an alert page 580.

FIGS. 45-47 illustrate display pages that show one
example of an animation 584 for instructing a user on how to
operate the portable infusion device 110. In particular, the
animation 584 may include text and graphics, of which any
may be animated on the display screen 450, for instructing a
user on how to remove, install and fill a cartridge in a housing
of'the portable infusion device 110. An animation 584 may be
an efficient and user-friendly means for assisting, instructing,
and/or informing a user on how to operate the portable infu-
sion device 110, which may enhance the usability of the
device 110. Furthermore, audio may accompany any anima-
tion 584 for further assisting and/or instructing a user. Such
audio may include, singly or in combination, voice, tones,
music, vibrational alerts, etc. The portable infusion device
110 may present to a user any number of animated graphics
and/or videos (with or without accompanied audio) for at
least assisting, informing, and/or instructing a user on how to
operate the device 110; what is wrong and how to fix a current
malfunction of the device 110; the status of a programmed
delivery of insulin; or any feature and or function associated
with the portable infusion device, as described herein. The
portable infusion device 110 may further include a help menu
page (not shown) in the GUI page hierarchy whereby a user
may select one or more listed animations and/or videos relat-
ing to, for example, operating the device. Animated graphics
and/or videos may also appear at any time on the display
screen 450 and are not limited to only when a user selects an
animation 584 or video to appear on the display 450.

In addition, a selectable help object (not shown in FIGS.)
may appear on any page within the GUI page 456 hierarchy
that, when selected by a user, directs a user to a help page. The
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help page may be a generic help page, which may describe
general instructions on how to use the device 110. Addition-
ally, a help page may be tailored to the page 456 from which
the help object appeared on. For example, a user who selects
a help object on a bolus confirmation page 514 would be
directed to a help page displaying at least information regard-
ing how to set up the device 110 to deliver a bolus of insulin.
Furthermore, one or more help objects may be displayed on a
single page being displayed on the touch screen 452 display
450, with each help object relating to various help informa-
tion, e.g., definitions of settings, instructions on how to
execute a function, etc .

FIG. 41 illustrates an embodiment of an options page 588,
for insulin delivery, which may be accessed once a user, for
example, selects the options object 478 on the home screen
page 474 (refer to FIGS. 26 and 27). The options page 588
includes a list of objects 466 that, when selected, direct a user
to various settings, operations, functions and information of
the portable infusion device 110. For instance, the options
page 588 may include a stop insulin object 590, which allows
a user to stop the active delivery of insulin to the user upon
selection of the stop insulin object 590. Alternatively, the stop
insulin object 590 may be a resume insulin object (not shown)
for allowing a user to resume the delivery of insulin from the
device to the user upon selection of the resume insulin object.

The options page 588 may also include a history object 592
that, when selected by a user, directs a user to be able to view
one or more history profiles that may include any number of
information relating to a delivery of insulin that was made to
a user (e.g., time and duration insulin was delivered, units of
insulin delivered, physiological conditions recorded, etc.).
Generally, any information entered by the user, processed by
the processor 170, or sensed by the device 110 may be stored
inmemory 172 and recalled by the user in one or more history
profiles.

Additionally, the options page 588 may list a load object
594 that, when selected by a user, may direct a user on how to
load and unload a cartridge into a housing of the portable
infusion device 110; fill the infusion tubing with fluid to be
delivered to a user; and fill a cannula with fluid to be delivered
to a user. Generally, selection of the load object 594 by a user
allows a user to prepare the device 110 for proper delivery of
insulin after loading a cartridge into the housing of the por-
table infusion device 110. As mentioned above, video and or
animation 584 may be displayed on the touch screen 452
display 450 for assisting in informing and instructing a user
on how to do any of the aforementioned tasks, with or without
audio accompaniment.

A user may also select the temp rate object 596 on the
options page 588 to allow a user to set a percentage of the
current basal rate to be delivered for a temporary period of
time. For example, a user may want to program a temp rate of
eighty percent for a period of two hours because the user is
planning to exercise for an hour. After the defined period of
time is over, the portable infusion device 110 returns to the
basal rate that was set prior to activation of the temp rate.

The options page 588 also allows a user to initiate the
programming of one or more delivery profiles 458. Depic-
tions of various delivery profile setup pages 598 are shown in
FIGS. 42A-42L. A reference to “FIG. 42” without a letter
suffix will be understood to be a reference to the delivery
profile workflow 600 generally. FIG. 42 illustrates one
example of a delivery profile workflow 600 in an insulin
delivery context that may direct a user to setting up a new
delivery profile 458, which includes a number of queries,
confirmations, and opportunities for a user to view and
modify information regarding a delivery profile 458. A deliv-
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ery profile 458 allows a user to customize the delivery of
insulin, based on a number of settings, over a twenty-four
hour period, which may be referred to as a personal delivery
profile 604. However, a user may choose to activate any one
personal delivery profile 604 at any time, but only one per-
sonal delivery profile 604 may generally be activated at a
time. Furthermore, a personal delivery profile 604 may be
comprised of one or more time segments 602. Each time
segment 602 may define one setting for the defined period of
time, as will be discussed in more detail below.

By way of example, and broadly shown in FIG. 42, a user
may initiate the setup of a new delivery profile 458, or per-
sonal delivery profile 604, by selecting the options object 478
on the home screen page 474, followed by the personal deliv-
ery profiles object 606 on the options page 588. To initiate the
setup of a new personal delivery profile 604, the user may
select the new object 608, as illustrated in FIG. 42A. Alter-
natively, a user may select one of the listed personal delivery
profiles 604, if one exists, to be the active delivery profile. If
the user selects to program a new personal delivery profile
604, the user may be prompted with a first query 610 to name
the profile. A virtual keypad 500 containing lettered virtual
keys 502 for allowing the user to select one or more virtual
keys 502 may be displayed on the touch screen 452 to allow
the user to name the personal delivery profile 604. The user
may then be prompted with a second and third query 612, 613
to set a max basal value (the largest volume allowed for a
basal) and a basal rate value (the rate at which the basal is
delivered to the user), respectively. A virtual numeric keypad
500 may appear on the touch screen 452 display 450 for
allowing a user to enter values to in response to the second and
third, or any, query 612, 613. Alternatively, or in addition, a
custom setup page, such as the basal rate setup page 616
illustrated by way of example in FIG. 42B may be displayed
on the display screen 450 for allowing a user to set the basal
rate and basal delivery start time. Each time a user completes
defining a basal rate time segment 602, the user may select the
add object 618 to define additional basal rate time segments
602.

In some embodiments, the max basal may be programmed
in the device 110 to be a factor of the programmed standard
basal rate. For example, once a standard basal rate has been
programmed in the device 110 for a particular user, the device
would generally automatically determine a max basal based
on the programmed basal rate. By way of further example, the
max basal may be calculated to be 1.5 to 3 times the standard
basal rate, or profile basal rate. This may provide an addi-
tional safety feature by preventing a user from delivering too
large of a bolus from the device 110.

FIG. 42C illustrates an example of a basal rate personal
profile confirmation page 620 displayed to a user to view the
one or more basal rate time segments 602 defined by the user
for the new delivery profile. A user may select any one of the
listed basal rate time segments 602 to further edit or delete a
time segment 602, or the user may select the save object 622
to save the programmed basal rate time segments 602 and
move on to the next query in the delivery profile workflow.
Selection of a save object 622 on any page 456 generally
informs the processor 170 to store one or more information
into memory 172. For example, and illustrated by way of
example in FIG. 42C, a pop-up menu 624 may appear on the
touch screen 452 display 450 when a user selects any one of
the listed basal rate time segments 602 displayed on the
personal profile basal rate confirmation page 620. A user may
select any one of the listed options displayed in the pop-up
menu 624, or the user may select, for example, any part of the
touch screen 452 display 450 outside of the pop-up menu 624

10

15

20

25

30

35

40

45

50

55

60

65

76

to cause the pop-up menu 624 to close. Furthermore, a user
may continue to add basal rate time segments 602 by selecting
an add object 618 on a confirmation page, which may directa
user back to a setup page, such as the basal rate setup page
616, as shown in FIG. 42B. For example, a user may define
sixteen different basal rate time segments 602 for any given
personal delivery profile 604, which may allow a single per-
sonal delivery profile’s 604 basal rate to vary up to sixteen
times over a given twenty-four hour period.

As illustrated in FIG. 42, once a user has confirmed and
saved at least one basal rate time segment 602 for the new
personal delivery profile 604, the user is prompted with gen-
erally a fourth query 626 asking the user to define and confirm
a max bolus. Once the user has defined a max bolus, the user
may then be presented with generally a fifth query 628 asking
whether the user would like to setup one or more correction
bolus time segments 602. A correction bolus may be defined
as the amount a user’s blood sugar will go down in response
to the delivery of a unit of insulin. If the user chooses to setup
a correction bolus, the user is presented with a series of
queries asking the user to setup and confirm one or more BG
correction factor time segments 602, as shown in FIGS. 42,
42D and 42E, respectively. The steps described above for a
user to set up, confirm and add one or more basal rate time
segments 602 are essentially identical to the steps for setting
up, confirming and adding one or more BG correction factor
time segments 602 such that it will not be repeated here for the
sake of simplicity.

As illustrated in FIG. 42, once a user has saved at least one
BG correction factor time segment 602 for the new personal
delivery profile 604, the user is prompted with generally a
sixth query 630 asking the user to define and confirm one or
more correction target BG time segments 602. A target BG
may be defined as what the user would prefer their BG level
to be. The user is presented with a correction target BG setup
page 632 and target BG confirmation page 634, as shown in
FIGS. 42F and 42G, respectively. The steps described above
for a user to set up, confirm and add one or more basal rate
time segments 602 are essentially identical to the steps for
setting up, confirming and adding one or more target BG time
segments 602 such that it will not be repeated here for the sake
of simplicity.

As illustrated in the personal delivery profile workflow 600
in FIG. 42, if the user elects not to setup a correction bolus, the
user’s “insulin on board” (IOB) will automatically be
approximately tracked using various information (e.g., the
rate at which the user’s body metabolizes insulin, the amount
of insulin delivered to the user over a period of time. etc.)
entered into an algorithm accessible by the processor 170.

The final steps of setting up a new personal delivery profile
604 include defining an insulin duration and a bolus delivery
value, as illustrated in the personal delivery profile workflow
600 in FIG. 42. A user may be presented with generally a
seventh query 636 to setup an insulin duration, which
approximately defines the time it takes for the user to metabo-
lize a bolus of insulin. FIG. 42H illustrates one embodiment
of'an insulin duration setup page 638 where a user may enter
or modify the number of hours and minutes it takes the user to
metabolize a bolus of insulin.

The user may then be directed to a food bolus setup page
640, as illustrated in FIG. 421, which may also be generally
the eighth query 642 in the personal delivery profile workflow
600. From the food bolus setup page 640, a user may select a
bolus delivery value based on the quantity (e.g., number of) of
carbohydrates the user predicts to consume, or the user can
choose to directly enter the total units of insulin to be deliv-
ered in the bolus. If the user chooses to base bolus delivery
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values on the predicted amount of carbohydrates to be
ingested (in e.g., grams), the user may then be directed to a
carb ratio setup page 644 and subsequent confirmation page
646, as illustrated in FIGS. 42] and 42K, respectively, and
shown generally as the ninth query 648 in the personal deliv-
ery profile workflow 600. The user is then able to define at
least one carb ratio time segment 602 (defined as the number
of carbs a user must ingest for the device to deliver a single
unit of insulin during the specified time segment 602) for the
new personal delivery profile 604. The steps described above
for a user to set up, confirm and add one or more basal rate
time segments 602 are essentially identical to the steps for
setting up, confirming and adding one or more carb ratio time
segments 602 such that it will not be repeated here for the sake
of simplicity.

The final steps a user may make in setting up a new per-
sonal delivery profile 604, for some embodiments, such as
those illustrated here in the insulin delivery context, may be to
select to have the quick bolus feature “on” or “off” which
may also be the tenth query 650 in the personal profile deliv-
ery workflow 600. If the user chooses to turn the quick bolus
feature “on,” the user must define the increment of a quick
bolus (either in grams of carbohydrates, or units of insulin). A
quick bolus, as will be discussed in more detail below, allows
auser efficiently to deliver a bolus quickly defined by the user.
By way of example, the portable infusion device 110 may
include a hard button (not shown) positioned at a convenient
location for the user to simply press at least once to activate
the delivery of a quick bolus to the user. Once the user has
defined the quick bolus increment, the user has generally
completed setting up the new personal delivery profile 604
and is able to save the personal delivery profile 604 for either
immediate use or to be activated at a later time. By way of
example, the portable infusion device 110 may be able to save
any number of different personal delivery profiles 604 for a
user to save and select for activating at any time. In one
embodiment, the portable infusion device may be able to save
up to 10 or more different delivery profiles. In another
embodiment, the portable infusion device may be able to save
up to 8 different delivery profiles. In yet another embodiment,
the portable infusion device may be able to save up to six
different delivery profiles.

As mentioned above, the portable infusion device 110 may
include a quick bolus delivery function which allows a user to
quickly deliver a bolus of insulin to a user. Depictions of
various quick bolus delivery configuration pages 652 are
shown in FIGS. 43A-43D. A reference to “FIG. 43” without
a letter suffix will be understood to be a reference to the
delivery configuration workflow generally. F1G. 43 illustrates
one example of a quick bolus delivery worktlow 651, which
includes actions performed by a user for delivering a quick
bolus of insulin to a user. For example, the quick bolus may be
initiated by a user pressing and holding down a hard button
(which may be referred to as the “wake” or “bolus” button)
conveniently positioned on the portable insulin device 110.
An embodiment of the home screen page may or may not be
displayed on the touch screen 452 display 450 when the quick
bolus delivery is initiated, and is not necessary for activating
the delivery of a quick bolus.

Once the user presses and holds the hard button, a quick
bolus delivery configuration page 652 is displayed on the
touch screen 452 display, as illustrated in FIG. 43A. The user
may then be presented with a first query 654 generally asking
the user to press the hard button one or more times to increase
the number of grams of carbs the user predicts to ingest. Each
time the user presses the hard button in response to the first
query 654, the grams of carbs and units of insulin increase by
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the quick bolus increment defined by the user in the currently
activated personal delivery profile 604. The currently acti-
vated personal delivery profile 604 also includes a saved carb
ratio which allows the appropriate units of insulin for delivery
to be calculated.

For example, a user may have defined a quick bolus incre-
ment to be five grams, and a carb ratio of 0.5 units of insulin
for every five grams of carbs. Therefore, each time the user
presses the hard button in response to the first query 654 of the
quick bolus workflow 651, the grams of carbohydrate
increase by five grams and the units of insulin increase by 0.5
units. Therefore, if the user presses the hard button three times
in response to the first query 654 of the quick bolus workflow
651, the quick bolus programmed to be delivered to the user
would be 1.5 units of insulin, as shown by way of example in
FIG. 43B.

Once the user has completed defining the number of units
to be delivered in the quick bolus, the user is prompted with a
second query 656, as illustrated in FIG. 43, asking the user to
press and hold the hard button to initiate the delivery of the
quick bolus. The user may then cancel the delivery, or press
and hold the hard button to initiate the delivery of the quick
bolus. The portable infusion device 110 provides the user
with a notification (e.g., vibrate the device, an audible alert
noise) to notify the user that the quick bolus delivery has been
initiated. A countdown timer 542 is also initiated, as shown by
way of example in FIG. 43C, to allow a user one or more
seconds to select the cancel object and cancel the delivery of
the quick bolus. A quick bolus confirmation page 658 may be
presented to the user, as illustrated by way of example in F1G.
43D, as the actual delivery of insulin is initiated to the user.

Alternatively, a user may define a quick bolus increment in
terms of units of insulin so that each time a user presses the
hard button in response to the first query of the quick bolus
workflow 654, the quick bolus volume is increased by the
defined units of insulin. Therefore, a user may define a quick
bolus increment to be one unit, so that each press of the hard
button in response to the first query 654 in the quick bolus
workflow 651 increases the quick bolus by one unit. Although
described by way of example as pressing a hard button, any
number of user interactions with the portable infusion device
110 may be completed by the user to define and initiate a
quick bolus. A quick bolus may be defined while program-
ming one or more personal delivery profiles 604 so that when
a particular personal delivery profile 604 is activated, the
volume of a quick bolus depends on what the user pro-
grammed the volume of a quick bolus to be for that particular
personal delivery profile 604. Alternatively, the device 110
may have a universal quick bolus volume that may be defined
by the user, which is not dependent upon the currently acti-
vated personal delivery profile 604. Instead, when the user
activates the delivery of a universal quick bolus, the volume of
the quick bolus will always be the same, regardless of which
personal delivery profile 604 is activated. This may be an
additional safety feature of the portable infusion device 110,
because it generally relieves the user from having to at least be
aware and recall what personal delivery profile 604 is cur-
rently active and what the volume for the quick bolus was
programmed for the active personal delivery profile 604. For
example, with a universal quick bolus, the user may be able to
know that each time the user presses the hard button while
setting up a quick bolus, the volume increases by five units,
regardless of which personal delivery profile 604 is currently
active.

An additional feature of the portable infusion device 110
includes a bolus delivery delay feature, which allows a user to
at least define a bolus delivery volume, as well as define a
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delay in time before the bolus is delivered. For example, once
a user has defined the bolus delivery (either by way of enter-
ing predicted carb intake or directly entering units of insulin),
auser may either define a later time to start the bolus delivery
(e.g., bolus delivery starts at 2:00 pm), or a time delay (e.g.,
bolus delivery starts in one hour). This feature may be par-
ticularly beneficial to children who may be more sensitive to
bolus deliveries and may need an adult to assist in the setup of
a bolus delivery, which may be more appropriately delivered
at a later time (e.g., while the child is at school).

Another feature of some embodiments allows a user to set
up a personal delivery profile 604, as was described and
illustrated in FIGS. 42-421, but instead of setting one or more
time segments 602 for each setting of a personal delivery
profile 604 (e.g., basal rate, BG correction factor, carb ration,
target BG), the user may define each setting within a single
time segment 602.

FIG. 48 illustrates one example of a personal delivery
profile time segment setup page 660 where the multiple per-
sonal delivery profile 604 settings are displayed (for editing
or confirmation) within a single time segment 602, or start
time. For some configurations, the user may define multiple
settings within a single time segment 602, thus eliminating
the need to define time segments 602 for each setting. Addi-
tionally, the user may scroll down the touch screen 452 dis-
play 450 (e.g., by dragging a finger in a downward direction
or selecting either the up object 662 or down object 664) to
cause additional settings and or information regarding the
personal delivery profile 604 to appear (e.g., max bolus, quick
bolus). From the personal delivery profile time segment setup
page 660, a user may define and/or modify any one of the
personal delivery profile 604 settings for the time segment
602. The segment of time itself may also be defined and/or
modified.

FIG. 49 illustrates an embodiment of a personal delivery
profile confirmation page 666 displaying one or more per-
sonal delivery profile 604 settings for each time segment 602.
Itis one advantage of the portable infusion device 110 to offer
a user with a condensed view of multiple personal delivery
profile 604 time segments 602 and their associated settings, as
shown in the personal delivery profile confirmation page 666
illustrated by way of example in FI1G. 49. For example, a user
may be able to view and compare multiple personal delivery
profile 604 settings over multiple time segments 602 on a
single touch screen 452 display 450. Furthermore, a user may
simply scroll down the touch screen 452 display 450 (e.g., by
dragging a finger in a downward direction or selecting either
the up object 662 or down object 664) to cause additional time
segments 602 to be displayed on the display screen 450. The
user may edit, delete and add additional time segments 602
directly from the personal delivery profile confirmation page
666.

FIG. 50A illustrates an example of a delivery calculation
page 668 displaying one or more variable setting used to
calculate the total units of insulin programmed to be delivered
to a user. A user may access a delivery calculation page 668,
for example, by selecting a “view calculations™ object 670
appearing on a page 456 within the GUI page 456 hierarchy,
as shown by way of example in FIG. 53A. A delivery calcu-
lation page 668 may list any number of modifiable values
and/or settings used for calculating the total units of insulin
programmed to be delivered to a user. For example, variables
used to calculate the total units of insulin may include the
number of units of insulin necessary for the number of carbs
to be ingested by the user; the number of units of insulin
necessary to reach a defined target BG level; and the number
of units of insulin currently in the user’s body.
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Furthermore, and shown by way of example in FIG. 50B, a
user may scroll down a delivery calculation page 668 to view
a personal settings page 672. The personal settings page 672
may list one or more settings (e.g., carb ratio, BG correction
factor, target BG) that may also have been used to determine
the total units of insulin programmed to be delivered to a user.
At least one of the settings displayed on the delivery calcula-
tion page 668 and personal settings page 672 may be directly
modified by a user using any of the methods described herein
for modifying a value displayed on the touch screen 452
display 450. Therefore, a user may at least view and modify
any one of the settings listed on either the delivery calculation
page 668 or personal settings page in order to modify the total
units of insulin programmed to be delivered to a user.

FIG. 51 illustrates an additional embodiment of a home
screen page 674 that may be displayed on the touch screen
452 display 450 of the portable infusion device 110. In this
particular embodiment, the home screen page has been con-
figured to include one or more status indicator objects 480, a
bolus object 482, an options object 478, and an IOB object
486, of which any object may be a soft key so that the user
may select any one of the selectable objects. For instance, a
user may select the options object 478, which may direct the
user to an options page 588, as described above and illustrated
by way of example in FIG. 41. Additionally, any one of the
status indicator objects 480 may be selected to either view or
modify, as described above. Furthermore, the IOB object 486
may display the units of insulin remaining from the delivery
of one or more bolus deliveries of insulin to the user. The IOB
object 486 may also display the time remaining for the body
of'the user to metabolize the remaining bolus units of insulin.
In addition, a user may select the bolus object, which may
direct a user to a bolus setup page for setting up a bolus
delivery of insulin.

FIG. 53 A illustrates another embodiment of a bolus setup
page 676 that may be displayed on the touch screen 452
display 450 of the portable infusion device 110. The bolus
setup page 676 is shown as including a food bolus object 526,
a BG object 484, a view calculation object 670, an extended
bolus object 524, and navigation object 510, e.g., back, skip,
next, of which any object may be a soft key so that the user
may select any one of the selectable objects. This embodi-
ment of the bolus setup page 676 may be configured to enable
the user to simply select any one of the settings to enter or
modify a value. For example, the user may select the food
bolus object 526 to enter the number of grams of carbs the
user predicts to consume. As discussed above, a virtual key-
pad 500 may be displayed on the touch screen 452 display 450
for enabling a user to enter the number of grams of carbs, or
any means for entering or modifying a value described herein.
Once the user enters the number of carbs, the user is then
directed back to the bolus setup page 676.

One embodiment of the virtual keypad 500 may include
one or more mathematical symbol virtual keys 502, e.g., plus
sign, minus sign, multiplication sign, division sign, etc., to
enable the virtual keypad 500 and processor 170 to function
as a virtual calculator. For example, a virtual keypad 500 with
one or more mathematical symbols displayed on the display
screen 450 may enable a user to enter more than one entry and
instruct the processor 170 to, for example, add, subtract,
multiply, and/or divide the user entries. For instance, a user
may be presented with a virtual calculator for enabling a user
to enter and add more than one amount of carbs making up at
least a part of a meal the user intends to consume. This feature
may improve usability of the device 110 and reduce user error
by simplitying the means by which a user determines the total
number of carbs that make up a meal the user intends to
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consume, in addition to generally relieving the user from
having to perform the calculations that may be necessary to
determine the total number of carbs. As mentioned above, a
virtual keyboard 500 including one or more mathematical
virtual key 502 symbols may be presented to a user for various
reasons and opportunities for a user to instruct the processor
170 to perform one or more calculations.

In addition, from the bolus delivery setup page 676 a user
may choose to program an extended bolus, as illustrated in
FIGS. 53 A and 53B showing a virtual slide button 680 expos-
ing either “on” or “off” in response to a user selecting to either
program or not program an extended bolus, respectively. A
user may select to program an extended bolus, e.g., by sliding
a finger over the virtual slide 680 button to cause the virtual
slide button 680 to move and display the “on” and then select-
ing the next object, as illustrated in FIG. 53B, which may
direct a user to an extended bolus setup page 682. Once the
user completes setting up an extended bolus on the extended
bolus setup page 682, the user is directed back to the bolus
setup page.

FIG. 53C illustrates another example of an extended bolus
setup page 682 that may be displayed on the touch screen 452
display 450 of the portable infusion device 110. The extended
bolus setup page 682 is shown as including a deliver now
object 550 (how much insulin is programmed to be delivered
generally immediately after the user initiates the extended
bolus delivery), a deliver later object 552 (how much insulin
is programmed to be delivered over an extended period of
time), a food bolus object 526 (how much insulin is pro-
grammed to be delivered to a user based generally on the
amount of food, or carbs, the user predicts to consume), a
duration object 548 (over what period of time the extended
bolus will be delivered), and navigation objects 510, e.g., a
back, next, done. Any ofthe objects displayed on the extended
bolus setup page 682 may be a soft key for enabling a user to
select any one of the objects. Furthermore, and similar to the
bolus delivery setup page 676, a user may select any one of the
selectable objects displayed on the touch screen 452 display
450 to enter or modify any of the settings using any means
described herein for modifying selectable objects, e.g., enter-
ing a value by selecting virtual keys 502 on a virtual keypad
500 displayed on the touch screen 452 display 450.

As described above, once the user completes setting up an
extended bolus on the extended bolus setup page 682, the user
may select the done object 506 on the extended bolus setup
page 682 to be directed back to the bolus delivery setup page
676. Once the user is directed back to the bolus delivery setup
page 676, the user may either modify any of the settings
displayed on the touch screen 452, select the back object 510
to be directed to a previous page, or select the done object 506
to initiate delivery of the extended bolus.

Alternatively, a user may not have selected to setup an
extended bolus, e.g. by positing the virtual slide button 680 to
allow the “off” to be displayed as shown in FIG. 53 A, and may
have, instead, selected the done object 506 after entering or
modifying one or more settings on the bolus delivery setup
page 676 to initiate delivery of a standard bolus.

Therefore, the embodiment of the bolus delivery setup
page 676 illustrated in FIGS. 53A and 53B enable a user to
setup a bolus delivery without navigating through a generally
linear workflow 464 or a series of queries. Instead, the user
may select any one of the selectable settings displayed on the
single bolus delivery setup page 676 on the touch screen 452
display 450 to either enter or modify one or more of the bolus
delivery settings.

Once the user has completed setting up either a standard or
extended bolus and has confirmed delivery of the bolus, the
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user may be directed back to a home screen page 674. FIG. 52
illustrates the home screen page 674 which includes one or
more delivery status indicators and a stop insulin object 590.
The one or more delivery status indicators 684 may visually
change, e.g., color, brightness, etc., either separately or in
unison so that it is generally obvious to a user that the delivery
of the bolus has at least been initiated. In addition, when the
delivery status indicators 684 stop visually changing, it may
be obvious to a user that the delivery of the bolus is complete.

Additionally, and shown by way of example in FIG. 52,
another embodiment of a stop insulin object 590 may be
displayed on the home screen 674 page. A stop insulin object
590 may only appear on the home screen page 674 after a
delivery has been initiated, and remain displayed until the
delivery has been completed. This feature enables a user to
easily access and stop a programmed delivery of insulin while
there is generally an opportunity to do so. Having the stop
insulin object 590 on the home screen page 674 may improve
the user’s safety by enabling the user to select the stop insulin
object 590 to stop delivery more quickly than having to navi-
gate through one or more additional pages, which may
decrease the amount of unwanted insulin delivered to the user.

As discussed above, the GUI 454 may display various
information in graphical form, and the graphic representation
570 may be configured for manipulation by a user touching or
otherwise “clicking” the representation and dragging the rep-
resentation in a predefined manner so as to change the form,
e.g., height, width, shape, etc. of the representation. For
example, where the graphical representation 570 is a bar, the
height or width of the bar may be adjusted by clicking on the
appropriate dimension and manipulating it to adjust that cho-
sen dimension. Where the graphical representation 570 is a
curve or wave, the curve or wave may be clicked and the shape
thereof may then be manipulated, for instance, by dragging a
finger across the screen in a predetermined manner.

FIG. 54 illustrates an example of multiple graphs 570
simultaneously displayed on the touch screen 452 display
450, which may collectively inform auser as to the range and
optimal levels of a user’s BG programmed into the portable
infusion device 110. The graphs 570 simultaneously dis-
played may include a high blood glucose (BG) graph, a low
BG graph and an optimal BG graph. However, any number of
graphs 570 representing various information may be simul-
taneously displayed on the touch screen 452 display 450 of
the portable infusion device 110. Furthermore, the graphs 570
shown in FIGS. 54 and 55 are illustrated for example pur-
poses and do not limit the shape, e.g., slope, geometry, etc., or
configuration of the graphical representations shown or dis-
cussed herein.

In addition, the information represented by at least one of
the graphs 570 may be used to calculate and determine addi-
tional settings. For instance, the high BG graph 686 may
display the range of a user’s acceptable high BG levels overa
period of time, the low BG graph 688 may display the range
of acceptable low BG levels over a period of time, and the
optimal BG graph 690 may display the range of optimal BG
levels over a period of time. For example, a user’s high BG
level range may influence the occurrence and amount of cor-
rection boluses delivered to a user. Therefore, a user may
modify, for example, the programmed high BG level range in
order to modify the occurrence and amount of correction
boluses programmed to be delivered to the user.

FIG. 55 illustrates another example of multiple graphs 570
simultaneously displayed on the touch screen 452 display
450, which may collectively inform a user as to the compo-
sition of insulin programmed to be delivered to a user. For
instance, and shown by way of example in FIG. 55, a correc-
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tion bolus graph 692 may display what percent of the insulin
programmed to be delivered to a user over a period of time is
a correction bolus. In addition, a meal bolus graph 694 may
display what percent of the insulin programmed to be deliv-
ered to a user over a period of time is a meal bolus (based on
a user’s carb ratio), and a basal graph 696 may display the
basal delivery rate of insulin programmed to be delivered to a
user over a period of time. The simultaneously displayed
graphs 570 may provide a user with a simplified way to at
least view, compare, and/or modify various programmed
information over a period of time.

Furthermore, any one of the graphs 570 may be configured
for manipulation by a user, such that a user may modify the
range of any one of the graphs 570. For example, a user may
want to modify the high BG range, e.g., by selecting and
dragging a part of the high BG graph 686, in order to decrease
the percentage of correction bolus comprising the total
amount of insulin delivered to a user over a period of time.
Therefore, modification of one graph 570 may generally
cause modification to one or more additional graphs 570,
which may result in improved usability of the portable infu-
sion device 110 for a user to at least manage their insulin
therapy.

With regard to the above detailed description, like refer-
ence numerals used therein may refer to like elements that
may have the same or similar dimensions, materials and con-
figurations. While particular forms of embodiments have
been illustrated and described, it will be apparent that various
modifications can be made without departing from the spirit
and scope of the embodiments herein. Accordingly, it is not
intended that the invention be limited by the forgoing detailed
description.

The entirety of each patent, patent application, publication
and document referenced herein is hereby incorporated by
reference. Citation of the above patents, patent applications,
publications and documents is not an admission that any of
the foregoing is pertinent prior art, nor does it constitute any
admission as to the contents or date of these documents.

Modifications may be made to the foregoing embodiments
without departing from the basic aspects of the technology.
Although the technology may have been described in sub-
stantial detail with reference to one or more specific embodi-
ments, changes may be made to the embodiments specifically
disclosed in this application, yet these modifications and
improvements are within the scope and spirit of the technol-
ogy. The technology illustratively described herein suitably
may be practiced in the absence of any element(s) not spe-
cifically disclosed herein. Thus, for example, in each instance
herein any of the terms “comprising,” “consisting essentially
of}” and “consisting of”” may be replaced with either of the
other two terms. The terms and expressions which have been
employed are used as terms of description and not of limita-
tion, and use of such terms and expressions do not exclude
any equivalents of the features shown and described or por-
tions thereof, and various modifications are possible within
the scope of the technology claimed. The term “a” or “an”
may refer to one of or a plurality of the elements it modifies
(e.g., “areagent” can mean one or more reagents) unless it is
contextually clear either one of the elements or more than one
of'the elements is described. Although the present technology
has been specifically disclosed by representative embodi-
ments and optional features, modification and variation of the
concepts herein disclosed may be made, and such modifica-
tions and variations may be considered within the scope of
this technology.

Certain embodiments of the technology are set forth in the
claim(s) that follow(s).
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What is claimed is:

1. A delivery mechanism for an infusion pump comprising:

a bore disposed in a delivery mechanism body;

a spool disposed in the bore which is axially displaceable
within the bore; and

a collapsible volume bounded by an outside surface of the
spool, an inside surface of the bore, a first seal between
the spool and the bore that is axially fixed relative to the
spool but displaceable relative to an inside surface of the
bore and a second seal between the spool and the inside
surface of the bore which is configured to slide over a
slide portion of the spool disposed in an aperture of the
second seal, the second seal forming a substantially fluid
tight but displaceable seal between an outside surface of
the second seal and the inside surface of the bore and the
second seal also forming a substantially fluid tight but
displaceable seal between an outside surface of the slide
portion and an inner surface of the second seal.

2. The mechanism of claim 1 wherein friction between the
inside surface of the bore and the second seal is greater than
friction between the outside surface of the slide portion of the
spool and the aperture of the second seal.

3. The mechanism of claim 1 wherein the second seal
comprises an o-ring.

4. The mechanism of claim 1 wherein the spool comprises
an elongate cylindrical member having a transverse dimen-
sion of about 0.5 mm to about 10 mm.

5. The mechanism of claim 1, wherein at least one seal is
always disposed between a reservoir inlet port and a dispense
port so as to prevent a free flow condition to the dispense port
from a reservoir.

6. An infusion pump for dispensing fluid to a patient, com-
prising:

a disposable fluid cartridge including:

a delivery mechanism including:

a delivery mechanism body,

a bore disposed in the delivery mechanism body including

a distal end, a proximal end disposed towards a drive
mechanism of the infusion pump, an interior volume, a
reservoirinlet port, a fluid dispense port, a vent inlet port
and a vent outlet port;

a spool slidingly disposed within the bore which is axially
displaceable in the bore and which includes:

a collapsible first volume bounded by an outside surface of
the spool, an inside surface of the bore, a first seal
between the spool and the bore that is axially fixed
relative to the spool but displaceable relative to an inside
surface of the bore and a second seal between the spool
and the inside surface of the bore which is configured to
slide over a slide portion of the spool disposed in an
aperture of the second seal, the second seal forming a
substantially fluid tight but displaceable seal between an
outside surface of the second seal and the inside surface
of the bore and the second seal also forming a substan-
tially fluid tight but displaceable seal between an outside
surface of the slide portion and an inner surface of the
second seal, and

a vent second volume which is positionable to overlap the
vent inlet port and vent outlet port simultaneously and
which is formed by a third seal around the spool, a fourth
seal around the spool, an outside surface of the spool
between the third and fourth seal and an inside surface of
the bore between the third and fourth seal;

a collapsible fluid reservoir bounded by a flexible mem-
brane and including an interior volume in fluid commu-
nication with the reservoir inlet port,
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a substantially rigid shell disposed about the collapsible
fluid reservoir with an interior volume that contains the
collapsible fluid reservoir and a vented volume disposed
between an outer surface of the flexible membrane and
an interior surface of the rigid shell, the vent inlet port
being in fluid communication with the vented volume.

7. The infusion pump of claim 6 further comprising a drive
mechanism operatively coupled to the spool of the delivery
mechanism.

8. The infusion pump of claim 7 further comprising a user
interface configured to accommodate user data input regard-
ing fluid delivery.

9. The infusion pump of claim 8 further comprising a
controller having a processor and memory device operatively
coupled to the drive mechanism.

10. The infusion pump of claim 9 further comprising a
power cell operatively coupled to the controller, the GUI and
the drive mechanism.

11. The infusion pump of claim 6 wherein at least one seal
is always disposed between the reservoir inlet port and the
dispense port so as to prevent a free flow condition to the
dispense port from the reservoir.
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